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encodes an enzyme having tyrosine phenol-lyase activity is
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process for producing phenol is provided having a step of
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saccharide under reducing conditions, and a step of collecting
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1
CORYNEFORM BACTERIUM
TRANSFORMANT AND PROCESS FOR
PRODUCING PHENOL USING THE SAME

TECHNICAL FIELD

The present invention relates to a technique for producing
phenol. In more detail, the present invention relates to a
coryneform bacterium transformant constructed by specific
gene recombination and thereby provided with a phenol pro-
ducing function, and relates to an efficient phenol producing
process using the transformant.

BACKGROUND ART

Against the backdrop of global warming and exhaustion of
fossil resources, production of chemical products using
renewable resources, along with production of biofuels, is
recognized as an emerging industry, biorefinery, which is an
important means for realizing a low-carbon society, and has
attracted keen attention.

However, production of biophenol using renewable
resources is less productive as compared to production of
lactic acid or ethanol because the metabolic reaction from a
raw material saccharide consists of a great many steps. In
addition, for the reasons that produced phenol inhibits bacte-
rial proliferation and that phenol is cytotoxic, industrial pro-
duction of phenol has been considered to be impossible.

Important use of phenol is phenol resins. A phenol resin,
which is produced by addition condensation of phenol and
aldehyde, is one of the oldest plastics, and with its properties
including excellent heat resistance and durability, is used for
various purposes, such as an alternative automotive material
to metal, a semiconductor seal material, and a circuit board
even today. Due to extremely high reactivity of phenol and
aldehyde as raw materials and to the complicated three-di-
mensional network structure of resulting phenol resin poly-
mers, precise structural designing and development into
nanomaterials thereof had been considered difficult and so
had been application to high-value-added use. However, in
recent years, the theory of physical-properties of polymers
and the simulation thereof have rapidly developed, and there-
fore it has gradually become possible to create highly func-
tional materials from phenol resins by refining the network
structure. Under the circumstances, the phenol resin produc-
tion in Japan is also increasing year by year.

The currently employed industrial production process of
phenol (cumene process) is a typical energy-consumptive
process in the chemical industry using petroleum-derived
benzene and propylene as raw materials, and requiring great
amounts of solvent and thermal energy. Therefore, in the light
of global environment conservation and greenhouse gas
reduction, there is an urgent need to develop an environment-
conscious, energy saving process that allows production of
phenol from renewable resources and can reduce carbon
dioxide emissions and waste products, that is, to establish
biophenol production technologies.

No phenol-producing bacteria in nature have been reported
so far.

Examples of known phenol producing technologies using
recombinant bacteria include Non Patent Literature 1. In the
process of Non Patent Literature 1, a strain constructed by
transferring a tpl gene which is derived from Pantoea agglo-
merans and encodes tyrosine phenol-lyase into a solvent-
resistant strain Pseudomonas putida S12, and a strain con-
structed by transferring an aroF-1 gene which is derived from
a Pseudomonas putida S12 strain and encodes DAHP
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(3-deoxy-D-arabino-heptulosonate 7-phosphate) synthase
into a Pseudomonas putida S12 strain were created and used.
In addition, from among strains constructed by transferring
an aroF-1 gene which is derived from Pseudomonas putida
S12 strain and encodes DAHP synthase into Pseudomonas
putida S12 strains, strains resistant to m-fluoro-DL-phenyla-
lanine, which is an analogue of phenylalanine or tyrosine,
were selected and used. Further, from among the selected
strains, strains resistant to m-fluoro-L-tyrosine were selected
and used. These strains were subjected to a fed-batch culture
under aerobic conditions using glucose as an only carbon
source for phenol production in the disclosed technology.

However, the process of Non Patent Literature 1 does not
have a practically sufficient phenol productivity.

CITATION LIST
Non Patent Literature

[NPL 1] Applied and Environmental Microbiology, Vol.
71,2005, 8221-8227

SUMMARY OF INVENTION
Technical Problem

An object of the present invention is to provide a microor-
ganism capable of efficiently producing phenol from a sac-
charide, and a process for efficiently producing phenol from a
saccharide using the microorganism.

Solution to Problem

The present inventors have wholeheartedly carried out
investigations in order to achieve the object described above
and obtained the following findings.

(1) A coryneform bacterium has high resistance to phenol.

(i1) A transformant constructed by transferring a tyrosine
phenol-lyase gene into a coryneform bacterium efficiently
produces phenol.

(iii) The transformant further efficiently produces phenol in
the case where the prephenate dehydratase gene and/or the
phenol 2-monooxygenase gene on the chromosome of the
coryneform bacterium as the host has a disruption or dele-
tion.

(iv) The transformant further efficiently produces phenol in
the case where the DAHP synthetase gene and/or the cho-
rismate mutase gene is expressed at a higher level as com-
pared to the gene expression level before transformation.

(v) The transformant has a higher phenol productivity when
proliferation is substantially inhibited in a reaction mixture
under reducing conditions than when proliferation is
allowed in an aerobic reaction mixture.

The present invention, which has been completed based on
the above-mentioned findings, provides the following trans-
formant and process for producing phenol.

[1] A phenol-producing transformant constructed by transfer-
ring a gene which encodes an enzyme having tyrosine
phenol-lyase activity into a coryneform bacterium as a
host.

[2] The transformant of the above [ 1], wherein the gene which
encodes an enzyme having tyrosine phenol-lyase activity is
a gene derived from Pantoea agglomerans, a gene derived
from Citrobacter braakii, a gene derived from Desulfito-
bacterium hafniense, a gene derived from Chloroflexus
aurantiacus, a gene derived from Nostoc punctiforme, or a
gene derived from Treponema denticola.
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[3] The transformant of the above [ 1], wherein the gene which
encodes an enzyme having tyrosine phenol-lyase activity is
the DNA of the following (a) or (b).

(a) a DNA consisting ofthe base sequence of SEQ ID NO: 36,
a DNA consisting of the base sequence of SEQ ID NO: 39,
a DNA consisting of the base sequence of SEQ ID NO: 42,
a DNA consisting of the base sequence of SEQ ID NO: 45,
a DNA consisting of the base sequence of SEQ ID NO: 48,
or a DNA consisting of the base sequence of SEQ ID NO:
51

(b)a DNA which hybridizes to a DNA consisting of a comple-
mentary base sequence of any of the DNAs of (a) under
stringent conditions and which encodes a polypeptide hav-
ing tyrosine phenol-lyase activity

[4] The transformant of any one of the above [1] to [3],
wherein the following gene (¢) and/or gene (d) on the
chromosome of the coryneform bacterium as the hosthas a
disruption or deletion.

(c) a gene which encodes an enzyme having prephenate dehy-
dratase activity

(d) a gene which encodes an enzyme having phenol 2-mo-
nooxygenase activity

[5] The transformant of any one of the above [1] to [4],
wherein the following metabolic gene (e) and/or metabolic
gene () of the coryneform bacterium as the host is highly
expressed.

(e) a gene which encodes an enzyme having DAHP (3-deoxy-
D-arabino-heptulosonate 7-phosphate) synthase activity
() a gene which encodes an enzyme having chorismate

mutase activity

[6] The transformant of any one of the above [1] to [5],
wherein the coryneform bacterium as the host is Coryne-
bacterium glutamicum.

[7] The transformant of the above [6], wherein the Coryne-
bacterium glutamicum as the host is Corynebacterium
glutamicum R (FERM BP-18976), ATCC13032, or
ATCC13869.

[8] The transformant of the above [6], wherein the following
gene (c) and/or gene (d) on the chromosome of Coryne-
bacterium  glutamicum R (FERM  BP-18976),
ATCC13032, or ATCC13869 as the host Corynebacterium
glutamicum has a disruption or deletion.

(c) a gene which encodes an enzyme having prephenate dehy-
dratase activity

(d) a gene which encodes an enzyme having phenol 2-mo-
nooxygenase activity

[9] The transformant of the above [6] or [8], wherein the
following metabolic gene (e) and/or metabolic gene (f) of
Corynebacterium glutamicum R (FERM BP-18976),
ATCC13032, or ATCC13869 as the host Corynebacterium
glutamicum is highly expressed.

(e) a gene which encodes an enzyme having DAHP (3-deoxy-
D-arabino-heptulosonate 7-phosphate) synthase activity
() a gene which encodes an enzyme having chorismate

mutase activity

[10] A Corynebacterium glutamicum transformant PHE7
(Accession Number: NITE BP-976).

[11] A process for producing phenol, which comprises a step
of reacting the transformant of any one of the above [1] to
[10] in a reaction mixture containing a saccharide under
reducing conditions, and a step of collecting phenol from
the reaction mixture.

[12] The process of the above [11], wherein the transformant
does not substantially proliferate in the reaction step.

[13] The process of the above [11] or [12], wherein the oxi-
dation-reduction potential of the reaction mixture under
reducing conditions is =200 mV to =500 mV.
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[14] The process of any one of the above [11] to [ 13], wherein
the saccharide is selected from a group consisting of glu-
cose, fructose, mannose, xylose, arabinose, galactose,
sucrose, maltose, lactose, cellobiose, trehalose, and man-
nitol.

Advantageous Effects of Invention

With the use of the transformant of the present invention,
phenol can be produced from a saccharide more efficiently
than with the use of a known transformant.

Generally, growth of microorganisms is inhibited by a
solvent, such as a phenol, because of its cytotoxicity, and
therefore phenol production with the use of microorganisms
was difficult. According to the process of the present inven-
tion, however, phenol production with the use of microorgan-
isms can be achieved with a practically sufficient efficiency.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows the influence of phenol on proliferation of
various microorganisms under aerobic conditions.

FIG. 2 shows the influence of phenol on the saccharide
consumption by Corynebacterium under reducing condi-
tions.

FIG. 3 shows construct of various plasmids used in
Examples.

FIG. 4 shows construct of various plasmids used in
Examples.

DESCRIPTION OF EMBODIMENTS

Hereinafter, the present invention will be described in
detail.

(D) Phenol-Producing Transformant

The transformant of the present invention capable of pro-
ducing phenol is a transformant constructed by transferring a
gene which encodes an enzyme having tyrosine phenol-lyase
activity into a coryneform bacterium as a host.

Host

The coryneform bacteria is a group of microorganisms
defined in Bargeys Manual of Determinative Bacteriology,
Vol. 8, 599 (1974), and members thereof are not particularly
limited as long as they proliferate under normal aerobic con-
ditions. The specific examples include Corynebacterium,
Brevibacterium, Arthrobacter, Mycobacterium and Micro-
coccus. Among the coryneform bacteria, Corynebacterium is
preferred.

Examples of the Coryrebacterium include Corynebacte-
rium glutamicum, Corynebacterium efficiens, Corynebacte-
rium ammoniagenes, Corynebacterium halotolerance, and
Corynebacterium alkanolyticum. Inter alia, Corynebacte-
rium glutamicum is preferred for safety and high phenol
production. Examples of preferred strains include Coryne-
bacterium glutamicum R (FERM P-18976), ATCC13032,
ATCC13869, ATCC13058, ATCC13059, ATCC13060,
ATCC13232, ATCC13286, ATCC13287, ATCCI13655,
ATCC13745, ATCC13746, ATCC13761, ATCC14020,
ATCC31831, MJ-233 (FERM BP-1497), and MJ-233AB-41
(FERM BP-1498). Inter alia, strains R (FERM P-18976),
ATCC13032, and ATCC13869 are preferred.

According to molecular biological classification, names of
species of coryneform bacteria, such as Brevibacterium fla-
vum, Brevibacterium lactofermentum, Brevibacterium
divaricatum, and Corynebacterium lilium are standardized to
Corynebacterium glutamicum (Liebl, W. et al., Transfer of
Brevibacterium divaricatum DSM 202971, “Brevibacterium
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favum”™ DSM 20411, “Brevibacterium lactofermentum”
DSM 20412 and DSM 1412, and Corynebacterium
glutamicum and their distinction by rRNA gene restriction
patterns. Int. J. Syst. Bacteriol. 41: 255-260. (1991); and
Kazuo Komagata et al., “Classification of the cryneform
group of bacteria”, Fermentation and industry, 45: 944-963
(1987)).

Brevibacterium lactofermentum ATCC13869, Brevibacte-
rium flavum MI-233 (FERM BP-1497) and MJ-233AB-41
(FERM BP-1498), etc. of the old classification are also suit-
able as Corynebacterium glutamicum.

Examples of the Brevibacterium include Brevibacterium
ammoniagenes (for example, ATCC6872).

Examples of the Arthrobacter include Arthrobacter globi-
Jformis (for example, ATCC8010, ATCC4336, ATCC21056,
ATCC31250, ATCC31738 and ATCC35698).

Examples of the Mycobacterium include Mycobacterium
bovis (for example, ATCC19210 and ATCC27289).

Examples of the Micrococcus include Micrococcus
freudenreichii (for example, NO. 239 (FERM P-13221)),
Micrococcus leuteus (for example, NO. 240 (FERM
P-13222)), Micrococcus ureae (for example, IAM1010), and
Micrococcus roseus (for example, IFO3764).

The coryneform bacteria may be, let alone a wild strain, a
mutant thereof or an artificial recombinant thereof. Examples
thereof include disruptants in which a gene of lactate dehy-
drogenase, phosphoenolpyruvate carboxylase, or malate
dehydrogenase is disrupted. Using such a disruptant as a host
can improve phenol productivity and reduce production of
by-products.

Inter alia, preferred is a disruptant in which a lactate dehy-
drogenase gene is disrupted. In the disruptant, the lactate
dehydrogenase gene is disrupted and the metabolic pathway
from pyruvic acid to lactic acid is blocked. Inter alia, pre-
ferred is a disruptant of Corynebacterium glutamicum, espe-
cially the R (FERM P-18976) strain in which the lactate
dehydrogenase gene is disrupted.

Such a disruptant can be prepared based on a conventional
gene engineering process. Such a lactate dehydrogenase dis-
ruptant and the preparation process thereof are described in
WO 2005/010182 Al.

Tyrosine Phenol-lyase Gene (tpl)

Tyrosine phenol-lyase is an enzyme that catalyzes the fol-

lowing two reactions.

Tyrosine+H,O €= phenol+pyruvic acid+NH,

Catechol+pyruvic acid+NH;—L-DOPA+H,O [Formula 1]

The gene which encodes an enzyme having tyrosine phe-
nol-lyase activity may be of any origin without particular
limitation, and preferred are a gene derived from Pantoea
agglomerans, a gene derived from Citrobacter braakii, a gene
derived from Desulfitobacterium hafniense, a gene derived
from Chloroflexus aurantiacus, a gene derived from Nostoc
punctiforme, or a gene derived from Treponema denticola.
Inter alia, preferred is a gene derived from Pantoea agglom-
erans, Citrobacter braakii, or Desulfitobacterium hafiiense,
and more preferred is a gene derived from Citrobacter
braakii.

Examples of the tyrosine phenol-lyase gene derived from
Pantoea agglomerans include the DNA consisting of the base
sequence of SEQ ID NO: 36, examples of the tyrosine phe-
nol-lyase gene derived from Citrobacter braakii include the
DNA consisting of the base sequence of SEQ ID NO: 39,
examples of the tyrosine phenol-lyase gene derived from
Desulfitobacterium hafiniense include the DNA consisting of
the base sequence of SEQ ID NO: 42, examples of the
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tyrosine phenol-lyase gene derived from Chloroflexus auran-
tiacus include the DNA consisting of the base sequence of
SEQ ID NO: 45, examples of the tyrosine phenol-lyase gene
derived from Nostoc punctiforme include the DNA consisting
of'the base sequence of SEQ ID NO: 48, and examples of the
tyrosine phenol-lyase gene derived from Treponema denti-
cola include the DNA consisting of the base sequence of SEQ
ID NO: 51.

Inthe present invention, a DNA which hybridizes to a DNA
consisting of a complementary base sequence of the base
sequence of SEQ ID NO: 36, 39, 42, 45, 48, or 51 under
stringent conditions and which encodes a polypeptide having
tyrosine phenol-lyase activity can also be used.

The “stringent conditions™ as used herein means general
conditions, for example, the conditions described in Molecu-
lar Cloning, ALaboratory Manual, Second edition, 1989, Vol.
2,p. 11. 45. It means, in particular, conditions where hybrid-
ization occurs at a temperature 5 to 10° C. below the melting
temperature (Tm) of a perfect hybrid.

The tyrosine phenol-lyase activity can be determined by
the method described later in Example 3.

In the present invention, a DNA consisting of a base
sequence which has 90% or more, preferably 95% or more,
more preferably 98% or more homology with the base
sequence of SEQ ID NO: 36,39, 42, 45, 48, or 51 and which
encodes a polypeptide having tyrosine phenol-lyase activity
can also be used.

The base sequence homology was calculated using GENE-
TYX Ver. 8 (made by Genetyx).

The homolog of the DNA consisting of the base sequence
of SEQID NO: 36, 39,42, 45,48, or 51 can be selected from
a DNA library of a different species by, for example, PCR or
hybridization using a primer or a probe designed based on
these base sequences, according to a conventional method,
and as a result, a DNA which encodes a polypeptide having
tyrosine phenol-lyase activity can be obtained with a high
probability.

Construction of Vector for Transformation

The PCR-amplified DNA which encodes tyrosine phenol-
lyase may be cloned into a suitable vector which is replicable
in a host.

The plasmid vector may be any plasmid vector as long as it
comprises a gene responsible for autonomously replicating
function in a coryneform bacterium. Specific examples of the
plasmid vector include pAM330 derived from Brevibacte-
rium lactofermentum 2256 (JP 58-67699 A; Miwa, K. et al.,
Cryptic plasmids in glutamic acid-producing bacteria. Agric.
Biol. Chem. 48:2901-2903 (1984); and Yamaguchi, R. et al.,
Determination of the complete nucleotide sequence of the
Brevibacterium lactofermentum plasmid pAM330 and the
analysis of its genetic information. Nucleic Acids Symp. Ser.
16:265-267 (1985)); pHM1519 derived from Corynebacte-
rium glutamicum ATCC13058 (Miwa, K. et al., Cryptic plas-
mids in glutamic acid-producing bacteria. Agric. Biol. Chem.
48:2901-2903 (1984)) and pCRY?30 derived from the same
(Kurusu, Y. et al., Identification of plasmid partition function
in coryneform bacteria. Appl. Environ. Microbiol. 57:759-
764 (1991)); pCG4 derived from Corynebacterium
glutamicum T250 (JP 57-183799 A; and Katsumata, R. et al.,
Protoplast transformation of glutamate-producing bacteria
with plasmid DNA. J. Bacteriol., 159:306-311 (1984)),
pAG1, pAG3, pAG14 and pAGS50 derived from the same (JP
62-166890 A), and pEKO, pECS and pEKEx1 derived from
the same (Eikmanns, B. J. etal., A family of Corynebacterium
glutamicum/Escherichia coli shuttle vectors for cloning, con-
trolled gene expression, and promoter probing. Gene, 102:
93-98 (1991)), etc.
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Examples of a preferred promoter include promoter PgapA
as a promoter of the glyceraldehyde-3-phosphate dehydroge-
nase A gene (gapA), promoter Pmdh as a promoter of the
malate dehydrogenase gene (mdh), and promoter PldhA as a
promoter of lactate dehydrogenase A gene (IdhA), all of
which are derived from Corynebacterium glutamicum R, and
inter alia, PgapA is preferred.

Examples of a preferred terminator include terminator
rrnB T1T2 of Escherichia coli rRNA operon, terminator trpA
of Escherichia coli, and terminator trp of Brevibacterium
lactofermentum), and inter alia, terminator rrnB T1T2 is pre-
ferred.

Transformation

As a method of transformation, any publicly known
method can be used without limitation. Examples of such a
known method include the calcium chloride/rubidium chlo-
ride method, the calcium phosphate method, DEAE-dextran
transfection, and electroporation. Inter alia, preferred for
coryneform bacteria is electroporation, which can be per-
formed by a known method (Kurusu, Y. et al., Electropora-
tion-transformation system for Coryneform bacteria by aux-
otrophic complementation., Agric. Biol. Chem. 54:443-447
(1990); and Vertes A. A. et al., Presence of mrr- and mer-like
restriction systems in Coryneform bacteria. Res. Microbiol.
144:181-185 (1993)).

The transformant is cultured using a culture medium usu-
ally used for culture of a microorganism. The culture medium
may be a natural or synthetic medium containing a carbon
source, a nitrogen source, inorganic salts, other nutritional
substances, etc.

Examples of the carbon source include carbohydrates and
sugar alcohols such as glucose, fructose, sucrose, mannose,
maltose, mannitol, xylose, arabinose, galactose, starch,
molasses, sorbitol and glycerol; organic acids such as acetic
acid, citric acid, lactic acid, fumaric acid, maleic acid and
gluconic acid; and alcohols such as ethanol and propanol.
Hydrocarbons, such as normal paraffin, etc. may also be used
as desired. These carbon sources may be used alone or as a
mixture of two or more thereof. The concentration of these
carbon sources in the culture medium is usually about 0.1 to
10 wiv %.

Examples of the nitrogen source include inorganic or
organic ammonium compounds, such as ammonium chlo-
ride, ammonium sulfate, ammonium nitrate, and ammonium
acetate; urea; aqueous ammonia; sodium nitrate; and potas-
sium nitrate. Nitrogen-containing organic compounds, such
as corn steep liquor, meat extract, peptone, N—Z-amine,
protein hydrolysate, amino acid, etc. may also be used. These
nitrogen sources may be used alone or as a mixture of two or
more thereof. The concentration of these nitrogen sources in
the culture medium varies depending on the kind of the nitro-
gen compound, but is usually about 0.1 to 10 w/v %.

Examples of the inorganic salts include potassium dihy-
drogen phosphate, dipotassium hydrogenphosphate, magne-
sium sulfate, sodium chloride, iron(Il) nitrate, manganese
sulfate, zinc sulfate, cobalt sulfate, and calcium carbonate.
These inorganic salts may be used alone or as a mixture of two
or more thereof. The concentration of the inorganic salts in
the culture medium varies depending on the kind of the inor-
ganic salts, but is usually about 0.01 to 1 w/v %.

Examples of the nutritional substances include meat
extract, peptone, polypeptone, yeast extract, dry yeast, corn
steep liquor, skim milk powder, defatted soybean hydrochlo-
ric acid hydrolysate, and extract from animals, plants or
microorganisms, and degradation products thereof. The con-
centration of the nutritional substances in the culture medium
varies depending on the kind of the nutritional substances, but
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is usually about 0.1 to 10 w/v %. Further, vitamins may be
added as needed. Examples of the vitamins include biotin,
thiamine (vitamin B1), pyridoxine (vitamin B6), pantothenic
acid, inositol, nicotinic acid, etc.

The pH of the culture medium is preferably about 5 to 8.

Examples of the preferable microbial culture medium
include A medium (Inui, M. et al., Metabolic analysis of
Corynebacterium glutamicum during lactate and succinate
productions under oxygen deprivation conditions. J. Mol.
Microbiol. Biotechnol. 7:182-196 (2004)), BT medium
(Omumasaba, C. A. et al., Corynebacterium glutamicum
glyceraldehyde-3-phosphate dehydrogenase isoforms with
opposite, ATP-dependent regulation. J. Mol. Microbiol. Bio-
technol. 8:91-103 (2004)), etc.

The culture temperature is about 15 to 45° C., and the
culture period is about 1 to 7 days.

Disruption or Deletion in Host Chromosomal Gene

In the coryneform bacterium as a host, the gene which
encodes an enzyme having prephenate dehydratase activity
(pheA) and/or the gene which encodes an enzyme having
phenol 2-monooxygenase activity (poxF), both existing on
the chromosome, preferably has a disruption or deletion for
further efficient phenol production. It is more preferred that
both of pheA and poxF have a disruption or deletion.

Replacement of a gene on the chromosome with the cor-
responding gene having an disruption or deletion can be
achieved by creating a gene with deletion mutation for not
allowing production of a normally functioning enzyme pro-
tein, and transforming a bacterium with a DNA comprising
the mutated gene for recombination in which the gene on the
chromosome and the mutated gene are exchanged. An
enzyme protein encoded by a gene having a disruption or
deletion, even when produced, has a conformation different
from that of the wild type, and has no or reduced function. The
gene deletion or gene disruption by way of gene substitution
through the use of such homologous recombination has
already been established, and examples thereof include a
method using a plasmid containing a temperature sensitive
replication origin or a plasmid capable of conjugal transfer,
and a method using a suicide vector not having a replication
origin that works in a host (U.S. Pat. No. 6,303,383 and IP
05-007491 A).

Specifically, by the method described in Example 2, a
coryneform bacterium in which the prephenate dehydratase
gene or the phenol 2-monooxygenase gene is disrupted or
deleted can be obtained.

High Expression of Metabolic Gene

It is preferred that the DAHP (3-deoxy-D-arabino-heptu-
losonate 7-phosphate) synthase gene (aroG) and/or the cho-
rismate mutase gene (csm) is expressed at a higher level in the
coryneform bacterium as a host as compared with the original
level in the host, i.e., the level in the wild type host. Such high
expression is achieved by transformation via gene transfer or
by increase in the number of copies of the desired gene(s) on
the chromosome of the host. It is more preferred that both of
aroG and csm are highly expressed.

Regarding the transformation, the DAHP synthetase gene
and the chorismate mutase gene may be the same or substan-
tially same as those of the host, or of different types. Prefer-
ably, the DAHP synthetase gene and/or the chorismate
mutase gene may be the same or substantially same as those
of the host.

Examples of the DAHP synthetase gene derived from
Corynebacterium glutamicum include the DNA consisting of
the base sequence of SEQ ID NO: 30, and examples of the
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chorismate mutase gene derived from Corynebacterium
glutamicum include the DNA consisting of the base sequence
of SEQ ID NO: 31.

Examples of the DAHP synthetase gene derived from dif-
ferent types of coryneform bacteria include a gene derived
from Corynebacterium efficiens (SEQ ID NO: 62, DNA Data
Bank of Japan: CE2073), a gene derived from Mycobacte-
rium smegmatis (SEQ ID NO: 63, DNA Data Bank of Japan:
MSMEG_4244), and a gene derived from Rhodococcus opa-
cus (SEQ ID NO: 64, DNA Data Bank of Japan:
ROP_08400). Examples of the chorismate mutase gene
derived from different types of coryneform bacteria include a
gene derived from Corynebacterium efficiens (SEQ 1D NO:
65, DNA Data Bank of Japan: CE0929), a gene derived from
Mycobacterium smegmatis (SEQ 1D NO: 66, DNA Data
Bank of Japan: MSMEG_5536), and a gene derived from
Rhodococcus opacus (SEQ 1D NO: 67, DNA Data Bank of
Japan: ROP_56380).

Regarding the DAHP synthetase gene or the chorismate
mutase gene, examples of the “substantially same gene”
include a DNA which encodes a polypeptide having 90% or
more, preferably 95% or more, and more preferably 98% or
more homology with the amino acid sequence of a polypep-
tide encoded by the gene, and having a DAHP synthetase
activity or a chorismate mutase activity. Regarding the DAHP
synthetase gene or the chorismate mutase gene, examples of
the “substantially same gene” include a DNA which has 90%
ormore, preferably 95% or more, and more preferably 98% or
more homology with the gene, and which encodes a polypep-
tide having a DAHP synthetase activity or a chorismate
mutase activity.

The DAHP synthetase activity can be determined by the
reaction of phosphoenolpyruvic acid and erythrose-4-phos-
phate as substrates followed by quantification of produced
3-deoxy-D-arabino-heptulosonate 7-phosphate (DAHP) by a
chromogenic method with the use of thiobarbituric acid
(Appl. Environ. Microbial., 74: 5497-5503 (2008)).

The chorismate mutase activity can be determined by the
reaction of chorismic acid as a substrate followed by conver-
sion of the produced prephenate to phenylpyruvate with the
use of 0.67 N (final concentration) hydrochloric acid (about
10-minute incubation) and by subsequent concentration
determination based on the increase in absorbance at 320 nm
(generation of phenylpyruvic acid) (Microbiology, 155,
3382-3391 (2009)).

To increase the number of copies of the DAHP synthetase
gene or the chorismate mutase gene on the chromosome of the
host, multiple copies of the gene may be transferred onto the
chromosomal DNA. To transfer multiple copies of a gene
onto the chromosomal DNA of a microorganism, homolo-
gous recombination (Experiments in Molecular Genetics,
Cold Spring Harbor Lab. (1972)) may be performed using, as
a target, a sequence that exists as multiple copies on the
chromosomal DNA. As the sequence that exists as multiple
copies on the chromosomal DNA, a repetitive DNA or an
inverted repeat that exists at the end of a transposon may be
used. Also, as disclosed in JP 02-109985 A, it is feasible to
transfer multiple copies of the desired gene with a transposon
onto the chromosomal DNA. Further, by a method using Mu
phage (JP 02-109985 A), the desired gene may be transferred
onto a host chromosome.

Substitution of an expression control sequence, such as a
promoter, of the DAHP synthetase gene and/or the choris-
mate mutase gene with a stronger one can also increase the
expression of such a gene. For example, a tac promoter, a lac
promoter, a trc promoter, a trp promoter, etc. are known as a
strong promoter. Further, as disclosed in WO 00/18935, it is
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also feasible to alter a promoter to a stronger one by substi-
tution of a few bases in the promoter region of the gene.
Examples of the evaluation method of the strength of a pro-
moter and examples of such a promoter are described in a
paper by Goldstein et al. “Prokaryotic promoters in biotech-
nology”. Biotechnol. Annu. Rev., 1995, 1, 105-128, etc. Sub-
stitution of an expression control sequence can be performed
in a similar way to the gene substitution with the use of a
temperature sensitive plasmid, for example.

Further, it is known that substitution of a spacer between a
ribosomal binding site (RBS) and an initiator codon, in par-
ticular substitution of a few nucleotides in a sequence imme-
diately upstream of the initiator codon has a great influence on
the efficiency of mRNA translation. Therefore, the alteration
thereof can improve the amount of translation.

Examples of the method for the above-mentioned gene
substitution include a method using a plasmid containing a
temperature sensitive replication origin or a plasmid capable
of conjugal transfer, and a method using a suicide vector not
having a replication origin that works in a host (U.S. Pat. No.
6,303,383 and JP 05-007491 A).

(II) Process for Producing Phenol

Phenol can be produced by a process comprising a step of
reacting the above-described transformant of the present
invention in a reaction mixture containing a saccharide under
reducing conditions, and a step of collecting phenol from the
reaction mixture.

Proliferation of Microorganism

Before the reaction, the transformant is preferably cultured
and proliferated under aerobic conditions at about 25 to 38°
C. for about 12 to 48 hours.

Culture Medium

The culture medium used for aerobic culture of the trans-
formant before the reaction may be a natural or synthetic
medium containing a carbon source, a nitrogen source, inor-
ganic salts, other nutritional substances, etc.

Examples of the carbon source that can be used include
saccharides (monosaccharides such as glucose, fructose,
mannose, xylose, arabinose, and galactose; disaccharides
such as sucrose, maltose, lactose, cellobiose, xylobiose, and
trehalose; polysaccharides such as starch; and molasses);
sugar alcohols such as mannitol, sorbitol, xylitol, and glyc-
erol; organic acids such as acetic acid, citric acid, lactic acid,
fumaric acid, maleic acid and gluconic acid; alcohols such as
ethanol and propanol; and hydrocarbons such as normal par-
affin.

These carbon sources may be used alone or as a mixture of
two or more thereof.

Examples of the nitrogen source that can be used include
inorganic or organic ammonium compounds, such as ammo-
nium chloride, ammonium sulfate, ammonium nitrate, and
ammonium acetate; urea; aqueous ammonia; sodium nitrate;
and potassium nitrate. Nitrogen-containing organic com-
pounds, such as corn steep liquor, meat extract, peptone,
N—Z-amine, protein hydrolysate, amino acid, etc. may also
be used. These nitrogen sources may be used alone or as a
mixture of two or more thereof. The concentration of these
nitrogen sources in the culture medium varies depending on
the kind of the nitrogen compound, but is usually about 0.1 to
10 wiv %.

Examples of the inorganic salts include potassium dihy-
drogen phosphate, dipotassium hydrogenphosphate, magne-
sium sulfate, sodium chloride, iron(Il) nitrate, manganese
sulfate, zinc sulfate, cobalt sulfate, and calcium carbonate.
These inorganic salts may be used alone or as a mixture of two
or more thereof. The concentration of the inorganic salts in
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the culture medium varies depending on the kind of the inor-
ganic salts, but is usually about 0.01 to 1 w/v %.

Examples of the nutritional substances include meat
extract, peptone, polypeptone, yeast extract, dry yeast, corn
steep liquor, skim milk powder, defatted soybean hydrochlo-
ric acid hydrolysate, and extract from animals, plants or
microorganisms, and degradation products thereof. The con-
centration of the nutritional substances in the culture medium
varies depending on the kind of the nutritional substances, but
is usually about 0.1 to 10 w/v %.

Further, vitamins may be added as needed. Examples of the
vitamins include biotin, thiamine (vitamin B1), pyridoxine
(vitamin B6), pantothenic acid, inositol, nicotinic acid, etc.

The pH of the culture medium is preferably about 6 to 8.

Specific examples of the preferable culture medium for
coryneform bacteria include A medium (Inui, M. et al., Meta-
bolic analysis of Corynebacterium glutamicum during lactate
and succinate productions under oxygen deprivation condi-
tions. J. Mol. Microbiol. Biotechnol. 7:182-196 (2004)), BT
medium (Omumasaba, C. A. et al, Corynebacterium
glutamicum glyceraldehyde-3-phosphate dehydrogenase iso-
forms with opposite, ATP-dependent regulation. J. Mol.
Microbiol. Biotechnol. 8:91-103 (2004)), etc. Such a culture
medium containing a saccharide at a concentration in the
above-mentioned range can be used.

Reaction Mixture

The reaction mixture may be a natural or synthetic medium
containing a carbon source, a nitrogen source, inorganic salts,
other nutritional substances, etc.

As the carbon source, a saccharide is used. Examples of the
saccharide include monosaccharides such as glucose, fruc-
tose, mannose, xylose, arabinose, and galactose; disaccha-
rides such as sucrose, maltose, lactose, cellobiose, xylobiose,
and trehalose; polysaccharides such as starch; and molasses.
Inter alia, a monosaccharide is preferred, and glucose is more
preferred.

As the carbon source, besides saccharides, sugar alcohols
such as mannitol, sorbitol, xylitol, and glycerol; organic acids
such as acetic acid, citric acid, lactic acid, fumaric acid,
maleic acid and gluconic acid; alcohols such as ethanol and
propanol; and hydrocarbons such as normal paraffin can also
be used.

These carbon sources may be used alone or as a mixture of
two or more thereof.

The concentration of the saccharide in the reaction mixture
is preferably about 1 to 20 w/v %, more preferably about 2 to
10 w/v %, and still more preferably about 2 to 5 w/v %.

The total concentration of the carbon sources including the
saccharide in the reaction mixture is usually about 2 to 5
wiv %.

Examples of the nitrogen source that can be used include
inorganic or organic ammonium compounds, such as ammo-
nium chloride, ammonium sulfate, ammonium nitrate, and
ammonium acetate; urea; aqueous ammonia; sodium nitrate;
and potassium nitrate. Nitrogen-containing organic com-
pounds, such as corn steep liquor, meat extract, peptone,
N—Z-amine, protein hydrolysate, amino acid, etc. may also
be used. These nitrogen sources may be used alone or as a
mixture of two or more thereof. The concentration of these
nitrogen sources in the reaction mixture varies depending on
the kind of the nitrogen compound, but is usually about 0.1 to
10 wiv %.

Examples of the inorganic salts include potassium dihy-
drogen phosphate, dipotassium hydrogenphosphate, magne-
sium sulfate, sodium chloride, iron(Il) nitrate, manganese
sulfate, zinc sulfate, cobalt sulfate, and calcium carbonate.
These inorganic salts may be used alone or as a mixture of two
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or more thereof. The concentration of the inorganic salts in
the reaction mixture varies depending on the kind of the
inorganic salts, but is usually about 0.01 to 1 w/v %.

Examples of the nutritional substances include meat
extract, peptone, polypeptone, yeast extract, dry yeast, corn
steep liquor, skim milk powder, defatted soybean hydrochlo-
ric acid hydrolysate, and extract from animals, plants or
microorganisms, and degradation products thereof. The con-
centration of the nutritional substances in the reaction mix-
ture varies depending on the kind of the nutritional sub-
stances, but is usually about 0.1 to 10 w/v %.

Further, vitamins may be added as needed. Examples ofthe
vitamins include biotin, thiamine (vitamin B1), pyridoxine
(vitamin B6), pantothenic acid, inositol, nicotinic acid, etc.

The pH of the reaction mixture is preferably about 6 to 8.

Specific examples of the preferable culture medium for
coryneform bacteria include A medium and BT medium as
described above. Such a culture medium containing a saccha-
ride at a concentration in the above-mentioned range can be
used.

Reaction Conditions

The reaction temperature, that is, the temperature at which
the transformant lives is preferably about 20 to 50° C., and
more preferably about 25 to 47° C. When the temperature is in
the above range, phenol can be efficiently produced.

The reaction period is preferably about 1 to 7 days, and
more preferably about 1 to 3 days.

The culture may be a batch process, a fed-batch process, or
a continuous process. Inter alia, a batch process is preferred.

The reaction may be performed under acrobic conditions
or reducing conditions.

Reducing Conditions

Under reducing conditions, a coryneform bacterium does
not substantially proliferate and can further efficiently pro-
duce phenol.

The “reducing conditions” is defined based on the oxida-
tion-reduction potential of the reaction mixture. The oxida-
tion-reduction potential of the reaction mixture is preferably
about —200 mV to —500 mV, and more preferably about -250
mV to -500 mV.

The reducing conditions of the reaction mixture can be
simply estimated with the use of resazurin indicator (in reduc-
ing conditions, decolorization from blue to colorless is
observed). However, for precise measurement, a redox-po-
tential meter (for example, ORP Electrodes made by BROA-
DLEY JAMES) is used.

As a method of preparing a reaction mixture under reduc-
ing conditions, any publicly known method can be used with-
out limitation. For example, as a liquid medium of the reac-
tion mixture, an aqueous solution for a reaction mixture may
beused instead of distillated water or the like. As reference for
preparation of the aqueous solution for a reaction mixture, for
example, the method for preparing a culture medium for
strictly anaerobic microorganisms, such as sulfate-reducing
microorganisms (Pfennig, N. etal.: The dissimilatory sulfate-
reducing bacteria, In The Prokaryotes, A Handbook on Habi-
tats, Isolation and Identification of Bacteria, Ed. by Starr, M.
P. et al. Berlin, Springer Verlag, 926-940, 1981, or Nogeika-
gaku Jikkensho, Ed. by Kyoto Daigaku Nogakubu Nogeika-
gaku Kyoshitsu, Vol. 3, Sangyo Tosho, 1990, Issue 26) may be
used, and such a method provides an aqueous solution under
desired reducing conditions.

Specifically, by treating distillated water or the like with
heat or under reduced pressure for removal of dissolved
gases, an aqueous solution for a reaction mixture under reduc-
ing conditions can be obtained. In this case, for removal of
dissolved gases, especially dissolved oxygen, distillated
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water or the like may be treated under reduced pressure of
about 10 mmHg or less, preferably about 5 mmHg or less,
more preferably about 3 mmHg or less, for about 1 to 60
minutes, preferably for about 5 to 40 minutes.

Alternatively, by adding a suitable reducing agent (for
example, thioglycolic acid, ascorbic acid, cysteine hydro-
chloride, mercaptoacetic acid, thiol acetic acid, glutathione,
sodium sulfide, etc.), an aqueous solution for a reaction mix-
ture under reducing conditions can be prepared.

These methods may be suitably combined to prepare an
effective aqueous solution for a reaction mixture under reduc-
ing conditions.

It is preferred to maintain the reducing conditions of the
reaction mixture during the reaction. For maintenance of
reducing conditions, it is preferred that oxygen from the
outside of the reaction system is prevented to the utmost
extent from entering the system. Specific examples of the
method employed for this purpose include a method compris-
ing encapsulating the reaction system with inert gas, such as
nitrogen gas, carbon dioxide gas, etc. In some cases, for
allowing the metabolic functions in the cells of the aerobic
bacterium of the present invention to work effectively during
the reaction, addition of a solution of various nutrients or a
reagent solution for adjusting and maintaining the pH of the
reaction system may be needed. In such a case, for more
effective prevention of oxygen incorporation, it is effective to
remove oxygen in the solutions to be added, in advance.
Collection of Phenol

Through the culture performed in the above manner, phe-
nol is produced in the reaction mixture. Phenol can be col-
lected by collecting the reaction mixture, and it is also fea-
sible to isolate phenol from the reaction mixture by a known
method. Examples of such a known method include distilla-
tion, the membrane permeation method, and the organic sol-
vent extraction method.

EXAMPLES

Hereinafter, the present invention will be illustrated in
more detail by Examples, but is not limited thereto.

Example 1

Test for Suitability as a Host for Phenol Production; Influence
of Phenol on Corynebacterium glutamicum and Other Bac-
terial Cells

(1) Influence of Phenol on Aerobic Proliferation

A growth inhibition test in aerobic culture was performed
to examine the influence of phenol on Corynebacterium
glutamicum, Escherichia coli, and Pseudomonas putida.
Pseudomonas putida S12, which was used for the test, is
reported to be a solvent-resistant strain. In the report, dis-
closed is an unparalleled technology using the strain as a host
in phenol production.

Corynebacterium glutamicum R was applied to A agar
medium (2 g of (NH,),CO, 7 g of (NH,),SO,, 0.5 g of
KH,PO,, 0.5 g of K,HPO,, 0.5 g of MgSO,.7H,0, 1 mL of
0.06% (w/v) Fe,SO,.7H,0+0.042% (w/v) MnSO,,.2H,0, 1
mL of 0.02% (w/v) biotin solution, 2 mL. of 0.01% (w/v)
thiamin solution, 2 g of yeast extract, 7 g of vitamin assay
casamino acid, 40 g of glucose, and 15 g of agar were sus-
pended in 1 L of distilled water) and was left stand in the dark
at 33° C. for 15 hours.

An inoculation loop of Coryrebacterium glutamicum R
grown on a plate as above was inoculated into a test tube
containing 10 mL of A liquid medium (2 g of (NH,),CO, 7 g
of (NH,),S0,, 0.5 g of KH,PO,, 0.5 g of K,HPO,, 0.5 g of
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MgS0,.7H,0, 1 mL of 0.06% (w/v) Fe,SO,.7H,0+0.042%
(w/v) MnSO,.2H,0, 1 mL of 0.02% (w/v) biotin solution, 2
mL 0f 0.01% (w/v) thiamin solution, 2 g of yeast extract, 7 g
of vitamin assay casamino acid, and 40 g of glucose sus-
pended in 1 L of distilled water) and was aerobically cultured
with shaking at 33° C. for 13 hours.

The Corynebacterium glutamicum R grown in the above
conditions was inoculated into 100 m[. of A liquid media in
such a way that the initial bacterial cell concentration would
be ODg, ,=0.05, phenol was added at the same time in such a
way that the final concentration would be 0, 0.16, 0.2, 0.24, or
0.32 mM, and aerobic culture was performed with shaking at
33° C. The growth of bacterial cells was determined by absor-
bance measurement at ODy, .

Escherichia coli IM109 was applied to LB agar medium
(1% polypeptone, 0.5% yeast extract, 0.5% NaCl and 1.5%
agar) and was left stand in the dark at 37° C. for 15 hours.

An inoculation loop of Escherichia coli IM109 was inocu-
lated into a test tube containing 10 mL of LB liquid medium
(1% polypeptone, 0.5% yeast extract, and 0.5% NaCl), and
aerobic culture was performed with shaking at 37° C. for 13
hours.

Escherichia coli IM109 grown in the above conditions was
inoculated into 100 mL of LB liquid medium in such a way
that the initial bacterial cell concentration would be
ODyg,,=0.05, phenol was added at the same time in such a way
that the final concentration would be 0, 0.16, or 0.20 mM, and
aerobic culture was performed with shaking at 37° C. The
growth of bacterial cells was determined by absorbance mea-
surement at ODyg, .

Pseudomonas putida F1 and S12 were applied to LB agar
medium (1% polypeptone, 0.5% yeast extract, 0.5% NaCl
and 1.5% agar) and were left stand in the dark at 30° C. for 15
hours.

An inoculation loop of each of Pseudomonas putida F1 and
S12 was inoculated into a test tube containing 10 mL of LB
(+glucose) liquid medium (1% polypeptone, 0.5% yeast
extract, 0.5% NaCl and 0.4% glucose), and aerobic culture
was performed with shaking at 30° C. for 13 hours.

Pseudomonas putida F1 and S12 grown in the above con-
ditions were each inoculated into 100 mL of LB (+glucose)
liquid medium in such a way that the initial bacterial cell
concentration would be ODy,,=0.05, phenol was added at the
same time in such a way that the final concentration would be
0, 0.10, or 0.20 mM, and aerobic culture was performed with
shaking at 30° C. The growth of bacterial cells was deter-
mined by absorbance measurement at ODy, . FIG. 1 shows
analysis results of the influence of phenol addition on aerobic
proliferation. The vertical axis of FIG. 1 indicates ODy,.

The proliferation of Escherichia coli was significantly
affected by 0.16% phenol and completely inhibited by 0.20%
phenol.

Pseudomonas putida F1, and Pseudomonas putida S12,
which was reported as a solvent-resistant strain, showed a
similar tendency, and the proliferation thereof was signifi-
cantly affected by 0.10% phenol and completely inhibited by
0.20% phenol.

In contrast, the proliferation of Corynebacterium
glutamicum was hardly affected by 0.16% phenol, which
significantly affected the proliferation of Escherichia coli.
Even in the presence of 0.20% phenol, which completely
inhibited the proliferation of Escherichia coli and Pseudomo-
nas putida, Corynebacterium glutamicum showed favorable
growth. Further, Corynebacterium glutamicum was able to
proliferate in the presence of 0.24% phenol.
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Thus, it was shown that Coryrebacterium glutamicum has
a higher resistance to phenol as compared with Escherichia
coli and Pseudomonas putida, and is highly suitable as a host
in phenol production.

(2) Influence of Phenol on Saccharide Metabolism Under

Reducing Conditions

Corynebacterium glutamicum R was applied to A agar
medium and was left stand in the dark at 33° C. for 20 hours.

Aninoculation loop of the Corynebacterium glutamicum R
grown on a plate as above was inoculated into a test tube
containing 10 mL of A liquid medium and was aerobically
cultured with shaking at 33° C. for 15 hours.

The Corynebacterium glutamicum R grown in the above
conditions was inoculated into a 2 L-conical flask containing
500 mL of A liquid medium and was aerobically cultured with
shaking at 33° C. for 15 hours.

The bacterial cells cultured and proliferated as above were
collected by centrifugation (5,000xg at 4° C. for 15 minutes).
The obtained bacterial cells were suspended in BT (-urea)
liquid medium (0.7% ammonium sulfate, 0.05% potassium
dihydrogen phosphate, 0.05% dipotassium hydrogen phos-
phate, 0.05% magnesium sulfate heptahydrate, 0.0006% iron
sulfate heptahydrate, 0.00042% manganese sulfate hydrate,
0.00002% biotin and 0.00002% thiamine hydrochloride) so
that the concentration of the bacterial cell was 10% (w/v). To
100-mL medium bottles containing 60 mL of the suspension,
glucose and phenol were added so as to be 8% and 0, 0.24,
0.38, or 0.46 mM in concentration, respectively, and the reac-
tion was allowed to proceed under reducing conditions (the
ORP of the reaction mixture: —450 mV) in a water bath kept
at 33° C. with stirring. During the reaction, 2.5 N aqueous
ammonia was added with the use of a pH controller (Type:
DT-1023 made by Able) to avoid the pH of the reaction
mixture falling below 7.0.

FIG. 2 shows the influence of phenol on the saccharide
metabolism in Corynebacterium glutamicum R under reduc-
ing conditions.

Under reducing conditions, even in the presence of 0.24%
phenol, which caused proliferation inhibition in aerobic cul-
ture, no influence of phenol was observed, and the saccharide
consumption was comparable to that in the case free from
phenol.

Further, saccharide consumption was observed even in the
presence of 0.38% phenol, and was slightly observed even in
the presence of 0.46% phenol.

Thus, it was shown that Coryrebacterium glutamicum has
a higher resistance to phenol under reducing conditions as
compared with in aerobic culture, and that phenol production
using Corynebacterium glutamicum as a host under reducing
conditions is advantageous as compared with the production
under aerobic conditions.

Example 2

Cloning and Expression of Phenol-Producing Genes
(1) Extraction of Chromosomal DNA from Microorganisms
To extract chromosomal DNA from Corynebacterium
glutamicum R (FERM P-18976), the bacterium was inocu-
lated, with the use of a platinum loop, into A medium (2 g of
(NH,),CO, 7 g of (NH,),SO,, 0.5 g of KH,PO,, 0.5 g of
K,HPO,, 0.5 g of MgSO,.7H,0, 1 mL of 0.06% (w/v)
Fe,S0,.7H,0+0.042% (w/v) MnSO,.2H,0, 1 mL 0f 0.02%
(w/v) biotin solution, 2 mI, 0f 0.01% (w/v) thiamin solution,
2 g of yeast extract, and 7 g of vitamin assay casamino acid
were dissolved in 1 L of distilled water), which was supple-
mented with 50% (w/v) glucose as a carbon source to a final
concentration 0f'4%, and cultured with shaking at 33° C. until
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the logarithmic growth phase. After the bacterial cells were
collected, chromosomal DNA was recovered from the col-
lected cells with the use of a DNA extraction kit (trade name:
GenomicPrep Cells and Tissue DNA Isolation Kit, made by
Amersham) according to the instruction manual.

To extract chromosomal DNA from Pantoea agglomerans
NBRC12686, the bacterium was inoculated into NBRC
Medium No. 802 (10 g of polypeptone, 2 g of yeast extract,
and 1 g of MgSO,.7H,O were dissolved in 1 L of distilled
water) with the use of a platinum loop, and cultured with
shaking at 30° C. until the logarithmic growth phase. After the
bacterial cells were collected, chromosomal DNA was recov-
ered from the collected cells with the use of a DNA extraction
kit (trade name: GenomicPrep Cells and Tissue DNA Isola-
tion Kit, made by Amersham) according to the instruction
manual.

To extract chromosomal DNA from Citrobacter braakii
ATCC6750, the bacterium was inoculated into Nutrient Broth
(made by Becton, Dickinson and Company, BD 234000) with
the use of a platinum loop, and cultured with shaking at37° C.
until the logarithmic growth phase. After the bacterial cells
were collected, chromosomal DNA was recovered from the
collected cells with the use of a DNA extraction kit (trade
name: GenomicPrep Cells and Tissue DNA Isolation Kit,
made by Amersham) according to the instruction manual.

To extract chromosomal DNA from Desulfitobacterium
hafniense Y51, the bacterium was inoculated into MMYP
medium (7.8 gof K,HPO,, 1.2 g of KH,PO,, 0.5 g of sodium
citrate, 0.1 g of MgSO,,.7H,0, 2.0 g of yeast extract, 5.5 g of
sodium pyruvate, and 1.0 mg of resazurin sodium salt were
dissolved in 1 L of distilled water and the pH was adjusted to
7.2) with the use of a platinum loop, and anaerobically cul-
tured. After the bacterial cells were collected, chromosomal
DNA was recovered from the collected cells with the use of a
DNA extraction kit (trade name: GenomicPrep Cells and
Tissue DNA Isolation Kit, made by Amersham) according to
the instruction manual.

To extract chromosomal DNA from Chloroflexus auran-
tiacus J-10-1 ATCC 29366, the bacterium was inoculated into
Chloroflexus medium (0.1 g of nitrilotriacetic acid, 1.0 mL of
Micronutrient Solution, 1.0 mL of FeCl; Solution, 0.06 g of
CaS0,.2H,0, 0.1 g of MgSO,,.7H,0, 0.008 g of NaCl, 0.103
g of KNO;, 0.689 g of NaNO;, 0.111 g of Na,HPO,, 0.2 g of
NH,CL, 0.5 gof'yeast extract, and 0.5 g of glycyl-glycine were
dissolved in 1 L of distilled water; Micronutrient Solution:
0.5 mL of H,SO,, 2.28 g of MnSO,.7H,0, 0.5 g of
ZnS0,.7H,0, 0.5 g of H;BO,, 0.025 g of CuSO,.2H,0,
0.025 g ofNa,Mo0O,.2H,0, and 0.045 g of CoCl,.6H,O were
dissolvedin 1 L of distilled water; FeCl, Solution: 0.2905 g of
FeCl; were dissolved in 1 L of distilled water) with the use of
a platinum loop, and cultured at 50° C. with shaking under
irradiation from a tungsten lamp. After the bacterial cells
were collected, chromosomal DNA was recovered from the
collected cells with the use of a DNA extraction kit (trade
name: GenomicPrep Cells and Tissue DNA Isolation Kit,
made by Amersham) according to the instruction manual.

To extract chromosomal DNA from Nostoc punctiforme
ATCC 29133, the bacterium was inoculated into Blue-green
nitrogen-fixing culture-medium (0.04 g of K,HPO,, 0.075 g
of MgSO,,.7H,0, 0.036 g of CaCl,.2H,0, 6.0 mg of citric
acid, 6.0 mg of ferric ammonium citrate, 1.0 mg of EDTA,
0.02 g of Na,CO;, and 1.0 mL of Trace Metal Mix AS were
dissolved in 1 L of distilled water and the pH was adjusted to
7.1; Trace Metal Mix AS: 2.86 g of H;BO;, 1.81 g of
MnCl,.4H,0, 0222 g of ZnSO,7H,0, 039 g of
Na,Mo0,.2H,0,0.079 g of CuSO,.5H,0, and 49.4 mg of Co
(NO,),.6H,O were dissolved in 1 L of distilled water) with
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the use of a platinum loop, and cultured at 26° C. under light
irradiation (2000 to 3000 lux). After the bacterial cells were
collected, chromosomal DNA was recovered from the col-
lected cells with the use of a DNA extraction kit (trade name:
GenomicPrep Cells and Tissue DNA Isolation Kit, made by
Amersham) according to the instruction manual.

The chromosomal DNA of Treponema denticola JCM
8153 was obtained from the Incorporated Administrative
Agency Rikagaku Kenkyusho (RIKEN) (Catalog No. RDB
6217). 10
(2) Construction of Cloning Vectors
Construction of Cloning Vector pCRB22

A DNA fragment comprising a DNA replication origin
sequence of pCASE1, which is a plasmid derived from
Corynebacterium casei JCM12072 (hereinafter abbreviated
as pCASE1-ori) and a DNA fragment comprising a cloning
vector pHSG298 (made by Takara Bio, Inc.) were amplified
by the following PCR method.

In the PCR, the following sets of primers were synthesized
based on SEQ IDNO: 1 (pCASE1-ori sequence) and SEQ ID
NO: 2 (cloning vector pHSG298) for cloning of the pCASE1-
ori sequence and the cloning vector pHSG298, and were used.
Primers for pCASE1-ori Sequence Amplification

w

[
<

25

(SEQ ID NO: 3)

(a-1); 5'-AT AGATCT AGAACGTCCGTAGGAGC-3'
(SEQ ID NO: 4)
(b-1); 5'-AT AGATCT GACTTGGTTACGATGGAC-3'

30
Primers (a-1) and (b-1) each have a Bglll restriction
enzyme site added thereto.
Primers for Cloning Vector pHSG298 Amplification

35
(SEQ ID NO: 5)
(a-2): 5'-AT AGATCT AGGTTTCCCGACTGGAAAG-3'
(SEQ ID NO: 6)
(b-2): 5'-AT AGATCT CGTGCCAGCTGCATTAATGA-3'

Primers (a-2) and (b-2) each have a Bglll restriction 0

enzyme site added thereto.

As the template DNA, total DNA extracted from Coryne-
bacterium casei JCM 12072 obtained from Japan Collection
of Microorganisms (JCM) and cloning vector pHSG298
(made by Takara Bio, Inc.) were used.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LA Tag (made by Takara Bio, Inc.) as
a reaction reagent under the conditions described below.

50
Reaction Mixture:
TaKaRa LA Taq ™ (5 units/pL) 0.5 puL
10x LA PCR ™ Buffer II (Mg”* 5uL
free) 55
25 mM MgCl, 5uL
dNTP Mixture (2.5 mM each) 8 ul

Template DNA
The above 2 primers*’

5 uL (DNA content: 1 pg or less)
0.5 pL each (final cone.: 1 pM)

Sterile distilled water 25.5 ul
60

The above ingredients were mixed, and 50 uL of the reaction mixture was subjected to PCR.
“For amplification of the pCASE1-ori sequence, a combination of primers (a-1) and (b-1),
and for amplification of the cloning vector pHSG298, a combination of primers (a-2) and
(b-2) was used.
PCR Cycle:

Denaturation step: 94° C., 60 seconds 65

Annealing step: 52° C., 60 seconds
Extension step: 72° C.

18

pCASE1-ori sequence: 150 seconds

Cloning vector pHSG298: 180 seconds

A cycle consisting of the above 3 steps was repeated 30
times.

Using 10 L. of the above-produced reaction mixture, 0.8%
agarose gel electrophoresis was performed. In the case of the
pCASEl-ori sequence, an about 1.4-kb DNA fragment was
detected. In the case of the cloning vector pHS(G298, an about
2.7-kb DNA fragment was detected.

10 pLL of the about 1.4-kb DNA fragment comprising the
pCASE1-ori sequence derived from Corynebacterium casei,
and 10 uL. of the about 2.7-kb DNA fragment comprising the
cloning vector pHSG298, both amplified by the above PCR,
were each cut with the use of restriction enzyme Bglll and
processed at 70° C. for 10 minutes for deactivation of the
restriction enzyme. Both were mixed, and 1 ul. of T4 DNA
ligase 10x buffer solution and 1 unit of T4 DNA ligase (made
by Takara Bio, Inc.) were added thereto. Sterile distilled water
was added thereto so that the total volume was 10 ul, and the
mixture was allowed to react at 15° C. for 3 hours for ligation.
This was named Ligation Liquid A.

With the use of the Ligation Liquid A, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
applied to LB agar medium (1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar) containing 50
ng/mL of kanamycin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzyme BgllI to confirm the inserted fragment. As a result, in
addition to an about 2.7-kb DNA fragment of the cloning
vector pHSG298, an about 1.4-kb DNA fragment of the
pCASE-ori sequence was confirmed.

The cloning vector comprising the pCASE1-ori sequence
was named pCRB22.

Construction of Cloning Vector pCRB11

A DNA fragment comprising a DNA replication origin
sequence of pCG1 (JP 57-134500 A), which is a plasmid
duplicable in Corynebacterium glutamicum (hereinafter
abbreviated as pCG1-ori) and a DNA fragment comprising a
cloning vector pHSG398 (made by Takara Bio, Inc.) were
amplified by the following PCR method.

In the PCR, the following sets of primers were synthesized
based on SEQ ID NO: 7 (pCGl-ori sequence) and SEQ 1D
NO: 8 (cloning vector pHSG398) for cloning of the pCG1-ori
sequence and the cloning vector pHSG398, and were used.
Primers for pCG1-ori Sequence Amplification

(SEQ ID NO: 9)
(a-3); 5'- AT AGATCT AGCATGGTCGTCACAGAG-3'

(SEQ ID NO: 10)
(b-3); 5'- AT AGATCT GGAACCGTTATCTGCCTATG-3'

Primers (a-3) and (b-3) each have a Bglll restriction
enzyme site added thereto.
Primers for Cloning Vector pHSG398 Amplification

(SEQ ID NO: 11)
(a-4); 5'-AT AGATCT GTCGAACGGAAGATCACTTC-3'

(SEQ ID NO: 12)
(b-4); 5'-AT AGATCT AGTTCCACTGAGCGTCAG-3'

Primers (a-4) and (b-4) each have a Bglll restriction
enzyme site added thereto.
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Asthetemplate DNA, pCG1 (JP 57-134500 A) and cloning
vector pHSG398 (made by Takara Bio, Inc.) were used.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LA Taq (made by Takara Bio, Inc.) as
a reaction reagent under the conditions described below.
Reaction Mixture:

TaKaRa LA Taq ™ (5 units/pL) 0.5 puL
10x LA PCR ™ Buffer IT (Mg?* 5uL
free)

25 mM MgCl, 5uL
dNTP Mixture (2.5 mM each) 8 ul

Template DNA
The above 2 primers*’
Sterile distilled water

5 uL (DNA content: 1 pg or less)
0.5 pL each (final cone.: 1 pM)
255 uL

The above ingredients were mixed, and 50 uL of the reaction mixture was subjected to PCR.
“For amplification of the pCG1-ori sequence, a combination of primers (a-3) and (b-3), and

for ampiliﬁcation of the cloning vector pHSG398, a combination of primers (a-4) and (b-4)
PCR Cycle:

Denaturation step: 94° C., 60 seconds

Annealing step: 52° C., 60 seconds

Extension step: 72° C.

pCG1l-ori sequence: 120 seconds

Cloning vector pHSG398: 150 seconds

A cycle consisting of the above 3 steps was repeated 30
times.

Using 10 pulL of the above-produced reaction mixture, 0.8%
agarose gel electrophoresis was performed. In the case of the
pCGl-ori sequence, an about 1.9-kb DNA fragment was
detected. In the case of the cloning vector pHSG398, an about
2.2-kb DNA fragment was detected.

10 pL. of the about 1.9-kb DNA fragment comprising the
pCG1-ori gene which is derived from the plasmid pCG1, and
10 pLL of the about 2.2-kb DNA fragment comprising the
cloning vector pHSG398, both amplified by the above PCR,
were each cut with the use of restriction enzyme BglIl and
processed at 70° C. for 10 minutes for deactivation of the
restriction enzyme. Both were mixed, and 1 ul. of T4 DNA
ligase 10x buffer solution and 1 unit of T4 DNA ligase (made
by Takara Bio, Inc.) were added thereto. Sterile distilled water
was added thereto so that the total volume was 10 pul, and the
mixture was allowed to react at 15° C. for 3 hours for ligation.
This was named Ligation Liquid B.

With the use of the Ligation Liquid B, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
applied to LB agar medium (1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar) containing 50
ng/mL of chloramphenicol.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzyme Bglll to confirm the inserted fragment. As a result, in
addition to an about 2.2-kb DNA fragment of the cloning
vector pHSG398, an about 1.9-kb DNA fragment of the
pCG1l-ori sequence was confirmed.

The cloning vector comprising the pCG1-ori sequence was
named pCRB11.

Construction of Cloning Vector pCRB15

A DNA fragment comprising a cloning vector pCRB11
and a DNA fragment comprising a zeocin resistance gene
derived from pSELECT-zeo-mcs (made by Invitrogen Corp.)
were amplified by the following PCR method.

In the PCR, the following sets of primers were synthesized
based on SEQ ID NO: 13 (pCRB11) and SEQ ID NO: 14
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(zeocin resistance gene) for cloning of the cloning vector
pCRB11 and the zeocin resistance gene, and were used.
Primers for Cloning Vector pCRB11 Amplification

(SEQ ID NO: 15)
(a-5); 5'-AT GATATC CGAAGTGATCTTCCGTTCGA-3'

(SEQ ID NO: 16)
(b-5); 5'-AT GATATC AAGGCAGTTATTGGTGCCCT-3'

Primers (a-5) and (b-5) each have an EcoRV restriction
enzyme site added thereto.
Primers for Zeocin Resistance Gene Amplification

(SEQ ID NO: 17)
(a-6); 5'-AT GATATC TAGCTTATCCTCAGTCCTGC-3'

(SEQ ID NO: 18)
(b-6); 5'-AT GATATC CCATCCACGCTGTTTTGACA-3'

Primers (a-6) and (b-6) each have an EcoRV restriction
enzyme site added thereto.

As the template DNA, cloning vector pCRB11 and pSE-
LECT-zeo-mcs (made by Invitrogen Corp.) were used.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LA Taq (made by Takara Bio, Inc.) as
a reaction reagent under the conditions described below.
Reaction Mixture:

TaKaRa LA Taq ™ (5 units/pL) 0.5 ul
10x LA PCR ™ Buffer IT (Mg?* 5uL
free)

25 mM MgCl, 5uL
dNTP Mixture (2.5 mM each) 8 ul

Template DNA
The above 2 primers*’
Sterile distilled water

5 uL (DNA content: 1 pug or less)
0.5 pL each (final cone.: 1 pM)
25.5 uL

The above ingredients were mixed, and 50 pL of the reaction mixture was subjected to PCR.

“For amplification of the cloning vector pCRB11 sequence, a combination of primers (a-5)
and (b-5), and for amplification ofthe zeocinresistance gene, a combination of primers (a-6)
and (b-6) was used.

PCR Cycle:

Denaturation step: 94° C., 60 seconds

Annealing step: 52° C., 60 seconds

Extension step: 72° C.

pCRB11 sequence: 200 seconds

zeocin resistance gene: 45 seconds

A cycle consisting of the above 3 steps was repeated 30
times.

Using 10 L. of the above-produced reaction mixture, 0.8%
agarose gel electrophoresis was performed. In the case of the
cloning vector pCRB11 sequence, an about 3.3-kb DNA frag-
ment was detected. In the case of the zeocin resistance gene,
an about 0.5-kb DNA fragment was detected.

10 pLL of the about 3.3-kb DNA fragment comprising the
cloning vector pCRB11 and 10 pL of the about 0.5-kb DNA
fragment comprising the zeocin resistance gene which is
derived from the plasmid pSELECT-zeo-mcs, both amplified
by the above PCR, were each cut with the use of restriction
enzyme EcoRV and processed at 70° C. for 10 minutes for
deactivation of the restriction enzyme. Both were mixed, and
1 uL of T4 DNA ligase 10x bufter solution and 1 unit of T4
DNA ligase (made by Takara Bio, Inc.) were added thereto.
Sterile distilled water was added thereto so that the total
volume was 10 pl, and the mixture was allowed to reactat 15°
C. for 3 hours for ligation. This was named Ligation Liquid C.
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With the use of the Ligation Liquid C, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
applied to LB agar medium (1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar) containing 25
ng/mL of zeocin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzyme EcoRV to confirm the inserted fragment. As a result,
in addition to an about 3.3-kb DNA fragment derived from the
cloning vector pCRB11, an about 0.5-kb DNA fragment of
the zeocin resistance gene was confirmed.

The cloning vector comprising the zeocin resistance gene
was named pCRB15.

Construction of Cloning Vector pCRB207

A DNA fragment comprising a promoter sequence of the
gapA gene (hereinafter abbreviated as PgapA) encoding the
glyceraldehyde-3-phosphate dehydrogenase derived from
Corynebacterium glutamicum R, and a DNA fragment com-
prising an rrnBT1T2 bidirectional terminator sequence (here-
inafter abbreviated as terminator sequence) derived from a
cloning vector pKK223-3 (made by Pharmacia) were ampli-
fied by the following method.

In the PCR, the following sets of primers were synthesized
based on SEQ ID NO: 19 (PgapA sequence) and SEQ ID NO:
20 (terminator sequence) for cloning of the PgapA sequence
and the terminator sequence, and were used.

Primers for PgapA Sequence Amplification

(SEQ ID NO: 21)
(a-7); 5'-CTCT GTCGAC CCGAAGATCTGAAGATTCCTG-3'

(SEQ ID NO: 22)
(b-7); 5'-CTCT GTCGAC GGATCC CCATGG

TGTGTCTCCTCTAAAGATTGTAGG-3"'

Primer (a-7) has a Sall restriction enzyme site added
thereto, and primer (b-7) has Sall, BamHI, and Ncol restric-
tion enzyme sites added thereto.

Primers for Terminator Sequence Amplification

(a-8);

(SEQ ID NO: 23)
5'-CTCT GCATGC CCATGG CTGTTTTGGCGGATGAGAGA-3'
(b-8) ;

(SEQ ID NO: 24)

5'-CTCT GCATGC TCATGA AAGAGTTTGTAGAAACGCAAAAAGG-3'

Primer (a-8) has Sphl and Ncol restriction enzyme sites
added thereto, and primer (b-8) has Sphl and BspHI restric-
tion enzyme sites added thereto.

As the template DNA, the chromosomal DNA extracted
from Corynebacterium glutamicum R (FERM P-18976) and
the plasmid pKK223-3 (made by Pharmacia) were used.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LA Taq (made by Takara Bio, Inc.) as
a reaction reagent under the conditions described below.
Reaction Mixture:

TaKaRa LA Taq ™ (5 units/pL)
10x LA PCR ™ Buffer IT (Mg**
free)

0.5 pL
5uL
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-continued

25 mM MgCl,

dNTP Mixture (2.5 mM each)
Template DNA

The above 2 primers*’

Sterile distilled water

5uL
8 uL
5 uL (DNA content: 1 pug or less)
0.5 pL each (final cone.: 1 pM)
25.5uL

The above ingredients were mixed, and 50 pL of the reaction mixture was subjected to PCR.

®For amplification of the PgapA sequence, a combination of primers (a-7) and (b-7), and for
amplification of the terminator sequence, a combination of primers (a-8) and (b-8) was used.

PCR Cycle:
Denaturation step: 94° C., 60 seconds
Annealing step: 52° C., 60 seconds
Extension step: 72° C.

PgapA sequence: 45 seconds

Terminator sequence: 30 seconds

A cycle consisting of the above 3 steps was repeated 30
times.

Using 10 L. of the above-produced reaction mixture, 0.8%
agarose gel electrophoresis was performed. In the case of the
PgapA sequence, an about 0.6-kb DNA fragment was
detected. In the case of the terminator sequence, an about
0.4-kb DNA fragment was detected.

10 pLL of the about 0.6-kb DNA fragment comprising the
PgapA sequence derived from Corynebacterium glutamicum
R, which was amplified by the above PCR, and the about
4.1-kb cloning vector pCRB22 were each cut with the use of
restriction enzyme Sall and processed at 70° C. for 10 min-
utes for deactivation of the restriction enzyme. Both were
mixed, and 1 pul. of T4 DNA ligase 10x buftfer solution and 1
unit of T4 DNA ligase (made by Takara Bio, Inc.) were added
thereto. Sterile distilled water was added thereto so that the
total volume was 10 pl., and the mixture was allowed to react
at 15° C. for 3 hours for ligation. This was named Ligation
Liquid D.

With the use of the Ligation Liquid D, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
applied to LB agar medium (1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar) containing 50
ng/mL of kanamycin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzyme Sall to confirm the inserted fragment. As a result, in
addition to an about 4.1-kb DNA fragment of the cloning
vector pCRB22, an about 0.6-kb DNA fragment ofthe PgapA
sequence was confirmed.

The cloning vector comprising the PgapA sequence was
named pCRB206.

10 pLL of the about 0.4-kb DNA fragment comprising the
terminator sequence derived from the plasmid pKK223-3,
which was amplified by the above PCR, was cut with the use
of restriction enzymes Ncol and BspHI, 2 pl. of the above
cloning vector pCRB206 was cut with the use of restriction
enzyme Ncol, and both were processed at 70° C. for 10
minutes for deactivation of the restriction enzymes. Both
were mixed, and 1 ul. of T4 DNA ligase 10x buffer solution
and 1 unit of T4 DNA ligase (made by Takara Bio, Inc.) were
added thereto. Sterile distilled water was added thereto so that
the total volume was 10 L, and the mixture was allowed to
react at 15° C. for 3 hours for ligation. This was named
Ligation Liquid E.

With the use of the Ligation Liquid E, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
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applied to LB agar medium (1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar) containing 50
ng/mL of kanamycin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of the restric-
tion enzyme to confirm the inserted fragment. As a result, in
addition to an about 4.7-kb DNA fragment of the cloning
vector pCRB206, an about 0.4-kb DNA fragment of the ter-
minator sequence was confirmed.

The cloning vector comprising the rrnBT1T2 terminator
sequence was named pCRB207.

Construction of Cloning Vector pCRB209

A DNA fragment comprising a promoter sequence of the
gapA (glyceraldehyde 3-phosphate dehydrogenase A) gene
(hereinafter abbreviated as PgapA) derived from Corynebac-
terium glutamicum R was amplified by the following method.

In the PCR, the following set of primers was synthesized
based on SEQ ID NO: 25 (pCRB207) for cloning of the
pCRB207 sequence, and was used.

Primers for pCRB207 Sequence Amplification

(SEQ ID NO: 26)
(a-9); 5'-CTCT CATATG CTGTTTTGGCGGATGAGAG-3'

(SEQ ID NO: 27)
(b-9); 5'-CTCT CATATG GTGTCTCCTCTAAAGATTGTAGG-3'

Primers (a-9) and (b-9) each have an Ndel restriction
enzyme site added thereto.

As the template DNA, the cloning vector pCRB207 com-
prising a gapA promoter and a rrnBT1T2 terminator
sequence was used.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LA Taq (made by Takara SHUZO) as a
reaction reagent under the conditions described below.
Reaction Mixture:

TaKaRa LA Taq ™ (5 units/pL) 0.5 puL
10x LA PCR ™ Buffer IT (Mg?* 5uL
free)

25 mM MgCl, 5uL
dNTP Mixture (2.5 mM each) 8 ul

Template DNA
The above 2 primers™
Sterile distilled water

5 uL (DNA content: 1 pg or less)
0.5 pL each (final cone.: 1 pM)
255 uL

The above ingredients were mixed, and 50 uL of the reaction mixture was subjected to PCR.
*For amplification of the pPCRB207 sequence, a combination of primers (a-9) and (b-9) was

used.
PCR Cycle:

Denaturation step: 94° C., 60 seconds

Annealing step: 52° C., 60 seconds

Extension step: 72° C., 307 seconds

A cycle consisting of the above 3 steps was repeated 30
times.

Using 10 pulL of the above-produced reaction mixture, 0.8%
agarose gel electrophoresis was performed, and an about
5.1-kb DNA fragment comprising the cloning vector
pCRB207 was detected.

10 pL. of the about 5.1-kb DNA fragment comprising the
gene derived from pCRB207, which was amplified by the
above PCR, was cut with the use of restriction enzyme Ndel
and processed at 70° C. for 10 minutes for deactivation of the
restriction enzyme. To this, 1 uL of T4 DNA ligase 10x buffer
solution and 1 unit of T4 DNA ligase (made by Takara
SHUZO) were added. Sterile distilled water was added
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thereto so that the total volume was 10 pl., and the mixture
was allowed to react at 15° C. for 3 hours for ligation. This
was named Ligation Liquid F.

With the use of the Ligation Liquid F, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
applied to LB agar medium (1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar) containing 50
ng/mL of kanamycin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzyme Ndel to confirm the inserted restriction enzyme site.

The cloning vector comprising the PgapA sequence and
the rrnBT17T2 terminator sequence was named pCRB209.
Construction of Cloning Vector pCRB210

A DNA fragment comprising a promoter sequence of the
gapA (glyceraldehyde 3-phosphate dehydrogenase A) gene
(hereinafter abbreviated as PgapA) derived from Corynebac-
terium glutamicum R was amplified by the following method.

In the PCR, the following set of primers was synthesized
based on SEQ ID NO: 25 (pCRB207) for cloning of the
pCRB207 sequence, and was used.

Primers for pCRB207 Sequence Amplification

(a-10) ;

(SEQ ID NO: 28)
5'-CTCT GATATC CTGTTTTGGCGGATGAGAGA-3'
(b-10) ;

(SEQ ID NO: 29)

5'-CTCT GATATC TCTCCTCTAAAGATTGTAGGAAATG-3'

Primers (a-10) and (b-10) each have an EcoRV restriction
enzyme site added thereto.

As the template DNA, the cloning vector pCRB207 com-
prising a gapA promoter and a rrnBT1T2 terminator
sequence was used.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LLA Taq (made by Takara SHUZO) as a
reaction reagent under the conditions described below.
Reaction Mixture:

TaKaRa LA Taq ™ (5 units/pL) 0.5 uL
10X LA PCR ™ Buffer II 5 uL
(Mg?* free)

25 mM MgCl, 5 uL
dNTP Mixture (2.5 mM each) 8 uL

Template DNA
The above 2 primers*’
Sterile distilled water

w

pL (DNA content: 1 pg or less)
pL each (final conc.: 1 pM)
pL

0.5
255

The above ingredients were mixed, and 50 pL of the reaction mixture was subjected to PCR.
“For amplification of the pCRB207, a combination of primers (a-10) and (b-10) was used.

PCR Cycle:

Denaturation step: 94° C., 60 seconds

Annealing step: 52° C., 60 seconds

Extension step: 72° C., 307 seconds

A cycle consisting of the above 3 steps was repeated 30
times.

Using 10 L. of the above-produced reaction mixture, 0.8%
agarose gel electrophoresis was performed, and an about
5.1-kb DNA fragment comprising the cloning vector
pCRB207 was detected.

10 pLL of the about 5.1-kb DNA fragment comprising the
gene derived from pCRB207, which was amplified by the
above PCR, was cut with the use of restriction enzyme EcoRV
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and processed at 70° C. for 10 minutes for deactivation of the
restriction enzyme. To this, 1 uL of T4 DNA ligase 10x buffer
solution and 1 unit of T4 DNA ligase (made by Takara
SHUZO) were added. Sterile distilled water was added
thereto so that the total volume was 10 pl., and the mixture
was allowed to react at 15° C. for 3 hours for ligation. This
was named Ligation Liquid G.

With the use of the Ligation Liquid G, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
applied to LB agar medium (1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar) containing 50
ng/mL of kanamycin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzyme EcoRV to confirm the inserted restriction enzyme
site.

The cloning vector comprising the PgapA sequence and
the rrnBT1T2 terminator sequence was named pCRB210.
(3) Cloning of Phenol-Producing Genes Cloning of Phenol-
Producing Genes Derived from Corynebacterium
glutamicum

A DNA fragment comprising the aroG gene which encodes
DAHP synthase, and a DNA fragment comprising the csm
gene which encodes chorismate mutase, both derived from
Corynebacterium glutamicum, were amplified by the PCR
method as described below.

In the PCR, the following sets of primers were synthesized
based on SEQ ID NO: 30 (the aroG gene of Corynebacterium
glutamicum) and SEQ 1D NO: 31 (the csm gene of Coryne-
bacterium glutamicum) with the use of “394 DNA/RNA Syn-
thesizer” made by Applied Biosystems for cloning of the
aroG gene and the csm gene, and were used.

Primers for aroG Gene Amplification

(a-11);

(SEQ ID NO: 32)
5'-CTCT CATATG AATAGGGGTGTGAGTTGG-3'
(b-11) ;

(SEQ ID NO: 33)
5'-CTCT CATATG TTAATTACGCAGCATTTCTGCAACG-3'

Primers (a-11) and (b-11) each have an Ndel restriction
enzyme site added thereto.
Primers for csm Gene Amplification

(SEQ ID NO: 34)
(a-12); 5'-CTCT CATATG ACTAATGCAGGTGACAACTTC-3'

(SEQ ID NO: 35)
(b-12); 5'-CTCT CATATG TTATCCGAGCTTTCCGCG-3'

Primers (a-12) and (b-12) each have an Ndel restriction
enzyme site added thereto.

Cloning of Phenol-Producing Gene Derived from Pantoea
agglomerans

A DNA fragment comprising the tpl gene which is derived
from Pantoea agglomerans and which encodes a gene having
tyrosine phenol-lyase activity was amplified by the PCR
method as described below.

In the PCR, the following set of primers was synthesized
based on SEQ ID NO: 36 (the tpl gene of Pantoea agglomer-
ans) with the use of “394 DNA/RNA Synthesizer” made by
Applied Biosystems for cloning of the tpl gene, and was used.

10

15

20

25

30

35

40

45

50

55

60

65

26

Primers for tpl Gene Amplification

(a-13);

(SEQ ID NO: 37)
5'-CTCT CATATG AACTATCCTGCCGAGC-3'
(b-13) ;

(SEQ ID NO: 38)

5'-CTCT CATATG TTAAATAAAGTCAAAACGCGCAGTAAAG-3'

Primers (a-13) and (b-13) each have an Ndel restriction
enzyme site added thereto.

Cloning of Phenol-Producing Gene Derived from Citro-
bacter braakii

A DNA fragment comprising the tpl gene which is derived
from Citrobacter braakii and which encodes a gene having
tyrosine phenol-lyase activity was amplified by the PCR
method as described below.

In the PCR, the following set of primers was synthesized
based on SEQ ID NO: 39 (the tpl gene of Citrobacter braakii)
with the use of “394 DNA/RNA Synthesizer” made by
Applied Biosystems for cloning of the tpl gene, and was used.

Primers for tpl Gene Amplification

(SEQ ID NO: 40)
(a-14); 5'-CTCT TCATGA ATTATCCGGCAGAACCC-3'

(SEQ ID NO: 41)
(b-14); 5'-CTCT TCATGA TTAGATATAGTCAAAGCGTGCAG-3'

Primers (a-14) and (b-14) each have a BspHI restriction
enzyme site added thereto.

Cloning of Phenol-Producing Gene Derived from Desulfito-
bacterium hafniense

A DNA fragment comprising the tpl gene which is derived
from Desulfitobacterium hafniense and which encodes a gene
having tyrosine phenol-lyase activity was amplified by the
PCR method as described below.

In the PCR, the following set of primers was synthesized
based on SEQ ID NO: 42 (the tpl gene of Desulfitobacterium
hafniense) with the use of “394 DNA/RNA Synthesizer”
made by Applied Biosystems for cloning of the tpl gene, and
was used.

Primers for tpl Gene Amplification

(SEQ ID NO: 43)
(a-15); 5'-CTCT GATATC ATGAAAACCTATCCTGCAGAACC-3'

(SEQ ID NO: 44)
(b-15) ; 5'-CTCT GATATC TCAAATGTGTTCAAATCTGGCGG-3'

Primers (a-15) and (b-15) each have an EcoRV restriction
enzyme site added thereto.

Cloning of Phenol-Producing Gene Derived from Chlorof-
lexus aurantiacus

A DNA fragment comprising the tpl gene which is derived
from Chloroflexus aurantiacus and which encodes a gene
having tyrosine phenol-lyase activity was amplified by the
PCR method as described below.

In the PCR, the following set of primers was synthesized
based on SEQ ID NO: 45 (the tpl gene of Chloroflexus auran-
tiacus) with the use 0394 DNA/RNA Synthesizer” made by
Applied Biosystems for cloning of the tpl gene, and was used.
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Primers for tpl Gene Amplification

(SEQ ID NO: 46)
(a-16); 5'-CTCT CATATG CAGGAACAAGACTACCC-3'

(SEQ ID NO: 47)
(b-16); 5'-CTCT CATATG TCATTCCACCGGTTCAAACC-3'

Primers (a-16) and (b-16) each have an Ndel restriction
enzyme site added thereto.

Cloning of Phenol-Producing Gene Derived from Nostoc
punctiforme

A DNA fragment comprising the tpl gene which is derived
from Nostoc punctiforme and which encodes a gene having
tyrosine phenol-lyase activity was amplified by the PCR
method as described below.

In the PCR, the following set of primers was synthesized
based on SEQ ID NO: 48 (the tpl gene of Nostoc punctiforme)
with the use of “394 DNA/RNA Synthesizer” made by
Applied Biosystems for cloning of the tpl gene, and was used.
Primers for tpl Gene Amplification

(a-17) ;

(SEQ ID NO: 49)
5'-CTCT CATATG ACCGATGCCAAGCAAAC-3'!
(b-17) ;

(SEQ ID NO: 50)
5'-CTCT CATATG TTACTGCAATTCAAATCTTGCTTGAAAG-3'

Primers (a-17) and (b-17) each have an Ndel restriction
enzyme site added thereto.

Cloning of Phenol-Producing Gene Derived from Treponema
denticola

A DNA fragment comprising the tpl gene which is derived
from Treponema denticola and which encodes a gene having
tyrosine phenol-lyase activity was amplified by the PCR
method as described below.

In the PCR, the following set of primers was synthesized
based on SEQ ID NO: 51 (the tpl gene of Treponema denti-
cola) with the use of “394 DNA/RNA Synthesizer” made by
Applied Biosystems for cloning of the tpl gene, and was used.
Primers for tpl Gene Amplification

(a-18);

(SEQ ID NO: 52)
5'-CTCT CATATG GATATTAAAAATTATCCTGCGGAAC-3'
(b-18) ;

(SEQ ID NO: 53)

5'-CTCT CATATG TTAGATATGCTCAAAGCGTGCC-3'

Primers (a-18) and (b-18) each have an Ndel restriction
enzyme site added thereto.

As the template DNA for Coryrebacterium glutamicum,
the chromosomal DNA extracted from Corynebacterium
glutamicum R was used. For Pantoea agglomerans, the chro-
mosomal DNA extracted from Pantoea agglomerans
NBRC12686 obtained from NITE Biological Resource Cen-
ter (NBRC) was used. For Citrobacter braakii, the chromo-
somal DNA extracted from Citrobacter braakii ATCC6750
obtained from American Type Culture Collection (ATCC)
was used. For Desulfitobacterium hafniense, the chromo-
somal DNA extracted from Desulfitobacterium hafniense
Y51 was used. For Chloroflexus aurantiacus, the chromo-
somal DNA extracted from Chloroflexus aurantiacus J-10-fl
ATCC29366 obtained from American Type Culture Collec-
tion (ATCC) was used. For Nostoc punctiforme, the chromo-
somal DNA extracted from Nostoc punctiforme ATCC29133
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obtained from American Type Culture Collection (ATCC)
was used. For Treponema denticola, the Treponema denticola
chromosomal DNA obtained from Japan Collection of
Microorganisms (JCM) (catalog No. RDB 6217) was used.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LA Tag (made by Takara Bio, Inc.) as
a reaction reagent under the conditions described below.
Reaction Mixture:

TaKaRa LA Taq ™ (5 units/pL) 0.5 uL

10X LA PCR ™ Buffer II 5 uL

(Mg?* free)

25 mM MgCl, 5 uL

dNTP Mixture (2.5 mM each) 8 uL

Template DNA 5 pL (DNA content: 1 pg or less)

0.5
255

The above 2 primers™
Sterile distilled water

uL, each (final conc.: 1 pM)
pL

The above ingredients were mixed, and 50 pL of the reaction mixture was subjected to PCR.

“For amplification of the aroG gene of Corynebacterium glutamicum, a combination of
primers (a-11) and (b-11); for amplification of the c¢sm gene of Corynebacterium
glutamicum, a combination of primers (a-12) and (b-12); for amplification of the tpl gene of
Pantoea agglomerans, a combination of primers (a-13) and (b-13); for amplification of the
tpl gene of Citrobacter braakii, a combination of primers (a-14) and (b-14); for amplification
of the tpl gene of Desulfitobacterium hafniense, a combination of primers (a-15) and (b-15);
for amplification of the tpl gene of Chloroflexus aurantiacus, a combination of primers
(a-16) and (b-16); for amplification of the tpl gene of Nostoc punctiforme, a combination of
primers (a-17) and (b-17); and for amplification of the tpl gene of Treponema denticola, a
combination of primers (a-18) and (b-18) were used.

PCR Cycle:

Denaturation step: 94° C., 60 seconds
Annealing step: 52° C., 60 seconds
Extension step: 72° C.

Corynebacterium glutamicum aroG gene 84 seconds
Corynebacterium glutamicum csm gene 18 seconds
Pantoea agglomerans tpl gene 82 seconds
Citrobacter braakii tpl gene 82 seconds
Desulfitobacterium hafiiense tpl gene 82 seconds
Chloroflexus aurantiacus tpl gene 85 seconds
Nostoc punctiforme tpl gene 84 seconds
Treponema denticola tpl gene 83 seconds

A cycle consisting of the above 3 steps was repeated 30
times.

With the use of 10 pL. of the reaction mixture produced
above, 0.8% agarose gel electrophoresis was performed. As a
result, detected were an about 1.4-kb DNA fragment in the
case of the Corynebacterium glutamicum aroG gene, an about
0.3-kb DNA fragment in the case of the Corynebacterium
glutamicum csm gene, an about 1.4-kb DNA fragment in the
case of the Pantoea agglomerans tpl gene, an about 1.4-kb
DNA fragment in the case of the Citrobacter braakii tpl gene,
an about 1.4-kb DNA fragment in the case of the Desulfito-
bacterium hafniense tpl gene, an about 1.4-kb DNA fragment
in the case of the Chloroflexus aurantiacus tpl gene, an about
1.4-kb DNA fragment in the case of the Nostoc punctiforme
tpl gene, and an about 1.4-kb DNA fragment in the case of the
Treponema denticola tpl gene.

(4) Construction of Phenol-Producing Gene Expression Plas-
mids Cloning of Phenol-Producing Gene to pCRB207

10 uL of the about 1.4-kb DNA fragment comprising the tpl
gene derived from Citrobacter braakii, which was amplified
by the PCR inthe above (3), was cut with the use of restriction
enzyme BspHI, 2 pl. of the cloning vector pCRB207 com-
prising promoter PgapA was cut with the use of restriction
enzyme Ncol, and each was processed at 70° C. for 10 min-
utes for deactivation of the restriction enzyme. Both were
mixed, and 1 pul. of T4 DNA ligase 10x buftfer solution and 1
unit of T4 DNA ligase (made by Takara Bio, Inc.) were added
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thereto. Sterile distilled water was added thereto so that the
total volume was 10 pl., and the mixture was allowed to react
at 15° C. for 3 hours for ligation. This was named Ligation
Liquid H.

With the use of the Ligation Liquid H, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
applied to LB agar medium (1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar) containing 50
ng/mL of kanamycin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of the restric-
tion enzyme to confirm the inserted fragment. As a result, in
addition to an about 5.1-kb DNA fragment of the plasmid
pCRB207, an about 1.4-kb inserted fragment of the tpl gene
derived from Citrobacter braakii (Ligation Liquid H) was
confirmed.

The plasmid comprising the tpl gene derived from Citro-
bacter braakii was named pCRB207-tpl/CB (FIG. 3).
Cloning of Phenol-Producing Genes to pCRB209

10 pL. of the about 1.4-kb DNA fragment comprising the
aroG gene derived from Corynebacterium glutamicum, the
about 0.3-kb DNA fragment comprising the csm gene derived
from Corynebacterium glutamicum, the about 1.4-kb DNA
fragment comprising the tpl gene derived from Pantoea
agglomerans, the about 1.4-kb DNA fragment comprising the
tpl gene derived from Chloroflexus aurantiacus, the about
1.4-kb DNA fragment comprising the tpl gene derived from
Nostoc punctiforme, or the about 1.4-kb DNA fragment com-
prising the tpl gene derived from Treponema denticola, each
amplified by the PCR in the above (3), and 2 pl. of the cloning
vector pCRB209 comprising promoter PgapA were cut with
the use of restriction enzyme Ndel, and were processed at 70°
C. for 10 minutes for deactivation of the restriction enzyme.
Both were mixed, and 1 pul. of T4 DNA ligase 10x buffer
solution and 1 unit of T4 DNA ligase (made by Takara Bio,
Inc.) were added thereto. Sterile distilled water was added
thereto so that the total volume was 10 pl., and the mixture
was allowed to react at 15° C. for 3 hours for ligation. The
resulting liquid was named Ligation Liquids I, J, K, L, M, or
N

With the use of each of the obtained 6 kinds of Ligation
Liquids 1, J, K, L, M, and N, Escherichia coli IM109 was
transformed by the calcium chloride method (Journal of
Molecular Biology, 53, 159 (1970)) and was applied to LB
agar medium (1% polypeptone, 0.5% yeast extract, 0.5%
sodium chloride, and 1.5% agar) containing 50 pg/ml of
kanamycin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzyme to confirm the inserted fragment. As a result, in
addition to an about 5.1-kb DNA fragment of the plasmid
pCRB209, confirmed were an about 1.4-kb inserted fragment
in the case of the aroG gene derived from Corynebacterium
glutamicum (Ligation Liquid 1), an about 0.3-kb inserted
fragment in the case of the csm gene derived from Coryne-
bacterium glutamicum (Ligation Liquid J), an about 1.4-kb
inserted fragment in the case of the tpl gene derived from
Pantoea agglomerans (Ligation Liquid K), an about 1.4-kb
inserted fragment in the case of the tpl gene derived from
Chloroflexus aurantiacus (Ligation Liquid L), an about 1.4-
kb inserted fragment in the case of the tpl gene derived from
Nostoc punctiforme (Ligation Liquid M), and an about 1.4-kb
inserted fragment in the case of the tpl gene derived from
Treponema denticola (Ligation Liquid N).
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The plasmid comprising the aroG gene derived from
Corynebacterium glutamicum was named pCRB209-aroG/
CG, the plasmid comprising the csm gene derived from
Corynebacterium glutamicum was named pCRB209-csm/
CG, the plasmid comprising the tpl gene derived from Pan-
toea agglomerans was named pCRB209-tpl/PA, the plasmid
comprising the tpl gene derived from Chloroflexus aurantia-
cus was named pCRB209-tpl/CA, the plasmid comprising
the tpl gene derived from Nostoc punctiforme was named
pCRB209-tpl/NP, and the plasmid comprising the tpl gene
derived from Treponema denticola was named pCRB209-tpl/
TD (FIG. 3).

Cloning of Phenol-Producing Gene to pCRB210

10 uL of the about 1.4-kb DNA fragment comprising the tpl
gene derived from Desulfitobacterium hafniense, which was
amplified by the PCR in the above (3), and 2 pl. of the cloning
vector pPCRB210 comprising promoter PgapA were each cut
with the use of restriction enzyme EcoRV and processed at
70° C. for 10 minutes for deactivation of the restriction
enzyme. Both were mixed, and 1 pl. of T4 DNA ligase 10x
buffer solution and 1 unit of T4 DNA ligase (made by Takara
Bio, Inc.) were added thereto. Sterile distilled water was
added thereto so that the total volume was 10 ul, and the
mixture was allowed to react at 15° C. for 3 hours for ligation.
This was named Ligation Liquid O.

With the use of the Ligation Liquid O, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
applied to LB agar medium (1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar) containing 50
ng/mL of kanamycin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of the restric-
tion enzyme to confirm the inserted fragment. As a result, in
addition to an about 5.1-kb DNA fragment of the plasmid
pCRB210, an about 1.4-kb inserted fragment of the tpl gene
derived from Desulfitobacterium hafniense (Ligation Liquid
O) was confirmed.

The plasmid comprising the tpl gene derived from Desulfi-
tobacterium hafniense was named pCRB210-tpl/DH (FIG.
3.

Cloning of Phenol-Producing Gene to pCRB1

The above plasmid pCRB209-aroG/CG was cut with the
use of a restriction enzyme BamHI. After agarose gel elec-
trophoresis, an about 2.4-kb DNA fragment recovered from
the agarose gel with the use of QIAquick Gel Extraction Kit
(made by QIAGEN), in which fragment a gap A promoter, an
aroG gene derived from Corynebacterium glutamicum, and a
terminator sequence were ligated, and an about 4.1-kb DNA
fragment obtained by BamHI digestion of the cloning vector
pCRBI1, followed by 10 min-treatment at 70° C. for deacti-
vation of BamHI (Nakata, K. et al., Vectors for the genetics
engineering of corynebacteria; in Saha, B.C. (ed.): Fermen-
tation Biotechnology, ACS Symposium Series 862. Washing-
ton, American Chemical Society: 175-191 (2003)) were
mixed. To this, 1 ul. of T4 DNA ligase 10x buffer solution and
1 unit of T4 DNA ligase (made by Takara Bio, Inc.) were
added. Sterile distilled water was added thereto so that the
total volume was 10 pl., and the mixture was allowed to react
at 15° C. for 3 hours for ligation. This was named Ligation
Liquid P.

With the use of the Ligation Liquid P, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
applied to LB agar medium (1% polypeptone, 0.5% yeast



US 9,328,361 B2

31

extract, 0.5% sodium chloride, and 1.5% agar) containing 50
ng/mL of chloramphenicol.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzyme BamHI to confirm the inserted fragment. As a result,
in addition to an about 4.1-kb DNA fragment of the plasmid
pCRBI1, an about 2.4-kb inserted fragment of the aroG gene
derived from Corynebacterium glutamicum (Ligation Liquid
P) was confirmed.

The plasmid comprising the aroG gene derived from
Corynebacterium glutamicum was named pCRB1-aroG/CG
(FIG. 4).

Cloning of Phenol-Producing Gene to pCRB15

The above plasmid pCRB209-csm/CG was cut with the use
of a restriction enzyme BamHI. After agarose gel electro-
phoresis, an about 1.3-kb DNA fragment recovered from the
agarose gel with the use of QIAquick Gel Extraction Kit
(made by QIAGEN), in which fragment a gapA promoter, a
csm gene derived from Corynebacterium glutamicum, and a
terminator sequence were ligated, and an about 3.8-kb DNA
fragment obtained by BamHI digestion of the plasmid
pCRB15, followed by 10 min-treatment at 70° C. for deacti-
vation of BamHI were mixed. To this, 1 pl. of T4 DNA ligase
10x butffer solution and 1 unit of T4 DNA ligase (made by
Takara Bio, Inc.) were added. Sterile distilled water was
added thereto so that the total volume was 10 ul, and the
mixture was allowed to react at 15° C. for 3 hours for ligation.
This was named Ligation Liquid Q.

With the use of the Ligation Liquid Q, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
applied to LB agar medium (1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar) containing 25
ng/mL of zeocin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzyme BamHI to confirm the inserted fragment. As a result,
in addition to an about 3.8-kb DNA fragment of the plasmid
pCRB15, an about 1.3-kb inserted fragment of the csm gene
derived from Corynebacterium glutamicum (Ligation Liquid
Q) was confirmed.

The plasmid comprising the csm gene derived from
Corynebacterium glutamicum was named pCRB15-csm/CG
(FIG. 4).

(5) Construction of Plasmids for Corynebacterium
glutamicum Chromosomal Gene Disruption

Construction of Plasmid for Corynebacterium glutamicum
pheA Gene Disruption

A DNA fragment required for constructing a plasmid for
markerless disruption of the pheA gene on the chromosome
of Corynebacterium glutamicum was amplified by the PCR
method as described below.

In the PCR, the following set of primers was synthesized
based on the sequence of Corynebacterium glutamicum R
with the use of “394 DNA/RNA Synthesizer” made by
Applied Biosystems, and was used.

Primers for Amplification of pheA-1 Region

(a-19) ;

(SEQ ID NO: 54)
5'-CTCT CTGCAG TGAAGTGCGTGTAAACGCAC-3'
(b-19) ;

(SEQ ID NO: 55)

5'-GCTTAGCTAGTTGGTCGGTTGCAATGATTTGCACGTTGGAG- 3!
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Primer (a-19) has a Pstl restriction enzyme site added
thereto.
Primers for Amplification of pheA-2 Region

(SEQ ID NO: 56)
(a-20) ; 5'-AACCGACCAACTAGCTAAGC-3'

(SEQ ID NO: 57)
(b-20); 5'-CTCT TCTAGA AATTACTCCTGCCATGGCA G-3'

Primer (a-20) has an Xbal restriction enzyme site added
thereto.

As the template DNA, the chromosomal DNA extracted
from Coryrebacterium glutamicum R was used.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LA Taq (made by Takara Bio, Inc.) as
a reaction reagent under the conditions described below.
Reaction Mixture:

TaKaRa LA Taq ™ (5 units/pL) 0.5 uL
10X LA PCR ™ Buffer II 5 uL
(Mg?* free)

25 mM MgCl, 5 uL
dNTP Mixture (2.5 mM each) 8 uL

Template DNA
The above 2 primers™
Sterile distilled water

w

pL (DNA content: 1 pg or less)
pL each (final conc.: 1 pM)
pL

0.5
255

The above ingredients were mixed, and 50 pL of the reaction mixture was subjected to PCR.

®For amplification ofthe pheA-1 region, a combination of primers (a-19) and (b-19), and for
amplification of the pheA-2 region, a combination of primers (a-20) and (b-20) were used.

PCR Cycle:

Denaturation step: 94° C., 60 seconds

Annealing step: 52° C., 60 seconds

Extension step: 72° C.

pheA-1 region: 50 seconds

pheA-2 region: 50 seconds

A cycle consisting of the above 3 steps was repeated 30
times.

Using 10 L. of the above-produced reaction mixture, 0.8%
agarose gel electrophoresis was performed. An about 0.9-kb
DNA fragment in the case of the Corynebacterium
glutamicum pheA-1 region, and an about 0.8-kb DNA frag-
ment in the case of the pheA-2 region were detected.

Subsequently, 1 pl. each of the pheA-1 region fragment
and the pheA-2 region fragment, which were amplified by the
above PCR, were mixed and allowed to react for ligation.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LA Taq (made by Takara Bio, Inc.) as
a reaction reagent under the conditions described below.
Reaction Mixture:

TaKaRa LA Taq ™ (5 units/pL) 0.5 uL
10X LA PCR ™ Buffer IT (Mg?* free) 5 uL
25 mM MgCl, 5 uL
dNTP Mixture (2.5 mM each) 8 uL
The above 2 fragments*® 1 pL each
Sterile distilled water 29.5 uL

The above ingredients were mixed, and 50 pL of the reaction mixture was subjected to PCR.

®Two kinds of fragments, namely pheA-1 region fragment and pheA-2 region fragment
were used.

PCR Cycle:
Denaturation step: 95° C., 20 seconds
Annealing step: 52° C., 5 seconds
Extension step: 72° C., 50 seconds
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A cycle consisting of the above 3 steps was repeated 30
times.

Further, using, as the template DNA, the obtained fragment
in which pheA-1 and pheA-2 were ligated, a pheA deletion
fragment was amplified by PCR.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LA Taq (made by Takara Bio, Inc.) as
a reaction reagent under the conditions described below.
Reaction Mixture:

TaKaRa LA Taq ™ (5 units/pL) 0.5 uL

10X LA PCR ™ Buffer II 5 uL

(Mg?* free)

25 mM MgCl, 5 uL

dNTP Mixture (2.5 mM each) 8 uL

Template DNA 5 pL (DNA content: 1 pg or less)

0.5
255

The above 2 primers™
Sterile distilled water

pL each (final conc.: 1 pM)
pL

The above ingredients were mixed, and 50 uL of the reaction mixture was subjected to PCR.

*For amplification of the pheA deletion fragment, a combination of primers (a-19) and
(b-20) was used.

PCR Cycle:

Denaturation step: 95° C., 20 seconds

Annealing step: 52° C., 5 seconds

Extension step: 72° C., 97 seconds

A cycle consisting of the above 3 steps was repeated 30
times.

Using 10 pulL of the above-produced reaction mixture, 0.8%
agarose gel electrophoresis was performed, and an about
1.6-kb fragment of the pheA deletion fragment was detected.

10 pL of the about 1.6-kb DNA fragment of the pheA
deletion fragment derived from Corynebacterium
glutamicum R, which was amplified by the above PCR, and 2
ul of an about 4.4-kb plasmid, pCRA725 for markerless
chromosomal gene transfection (J. Mol. Microbiol. Biotech-
nol., Vol. 8, 243-254, 2004 (JP 2006-124440 A) were cut with
the use of restriction enzymes Pstl and Xbal and processed at
70° C. for 10 minutes for deactivation of the restriction
enzymes. Both were mixed, and 1 pL. of T4 DNA ligase 10x
buffer solution and 1 unit of T4 DNA ligase (made by Takara
Bio, Inc.) were added thereto. Sterile distilled water was
added thereto so that the total volume was 10 and the mixture
was allowed to react at 15° C. for 3 hours for ligation. This
was named Ligation Liquid R.

With the use of the Ligation Liquid R, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
applied to LB agar medium (1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar) containing 50
ng/mL of kanamycin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzymes Pstl and Xbal to confirm the inserted fragment. As a
result, in addition to an about 4.4-kb DNA fragment of the
plasmid pCRA725, an about 1.6-kb inserted fragment of the
pheA deletion gene derived from Corynebacterium
glutamicum (Ligation Liquid R) was confirmed.

The plasmid comprising the pheA deletion gene derived
from Corynebacterium glutamicum was named pCRA725-
pheA/CG.

Construction of Plasmid for Corynebacterium glutamicum
poxF Gene Disruption

A DNA fragment required for constructing a plasmid for
markerless disruption of the poxF gene on the chromosome of
Corynebacterium glutamicum was amplified by the PCR
method as described below.
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In the PCR, the following set of primers was synthesized
based on the sequence of Corynebacterium glutamicum R
with the use of “394 DNA/RNA Synthesizer” made by
Applied Biosystems, and was used.

Primers for Amplification of poxF-1 Region

(a-21) ;

(SEQ ID NO: 58)
5'-CTCT TCTAGA TACGTCCTAAACACCCGAC-3'
(b-21) ;

(SEQ ID NO: 59)

5'-GACCAACCATTGCTGACTTGCGTATCCATAGTCAGGCTTC-3"!

Primer (a-21) has an Xbal restriction enzyme site added
thereto.

Primers for Amplification of poxF-2 Region

(SEQ ID NO: 60)
(a-22); 5'-CAAGTCAGCAATGGTTGGTC-3'

(SEQ ID NO: 61)
(b-22); 5'-CTCT TCTAGA TGATCAGTACCAAGGGTGAG-3'

Primer (b-22) has an Xbal restriction enzyme site added
thereto.

As the template DNA, the chromosomal DNA extracted
from Coryrebacterium glutamicum R was used.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LA Tag (made by Takara Bio, Inc.) as
a reaction reagent under the conditions described below.
Reaction Mixture:

TaKaRa LA Taq ™ (5 units/pL) 0.5 uL

10X LA PCR ™ Buffer II 5 uL

(Mg?* free)

25 mM MgCl, 5 uL

dNTP Mixture (2.5 mM each) 8 uL

Template DNA 5 pL (DNA content: 1 pg or less)

The above 2 primers™
Sterile distilled water

pL each (final conc.: 1 pM)
pL

The above ingredients were mixed, and 50 pL of the reaction mixture was subjected to PCR.

®For amplification of the poxF-1 region, a combination of primers (a-21) and (b-21), and for
amplification of the poxF-2 region, a combination of primers (a-22) and (b-22) were used.

PCR Cycle:

Denaturation step: 94° C., 60 seconds

Annealing step: 52° C., 60 seconds

Extension step: 72° C.

poxF-1 region: 50 seconds

poxF-2 region: 50 seconds

A cycle consisting of the above 3 steps was repeated 30
times.

Using 10 L. of the above-produced reaction mixture, 0.8%
agarose gel electrophoresis was performed. An about 0.8-kb
DNA fragment in the case of the Corynebacterium
glutamicum poxF-1 region, and an about 0.8-kb DNA frag-
ment in the case of the poxF-2 region were detected.

Subsequently, 1 plL each of'the poxF-1 region fragment and
the poxF-2 region fragment, which were amplified by the
above PCR, were mixed and allowed to react for ligation.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LA Taq (made by Takara Bio, Inc.) as
a reaction reagent under the conditions described below.
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Reaction Mixture:

TaKaRa LA Taq ™ (5 units/pL) 0.5 uL
10X LA PCR ™ Buffer I (Mg?* free) 5 uL
25 mM MgCl, 5 uL
dNTP Mixture (2.5 mM each) 8 uL
The above 2 fragments*’ 1 pL each
Sterile distilled water 29.5 uL

The above ingredients were mixed, and 50 uL of the reaction mixture was subjected to PCR.

*Two kinds of fra gments, namely poxF-1 region fragment and poxF-2 region fragment were
used.

PCR Cycle:

Denaturation step: 95° C., 20 seconds

Annealing step: 52° C., 5 seconds

Extension step: 72° C., 50 seconds

A cycle consisting of the above 3 steps was repeated 30
times.

Further, using, as the template DNA, the obtained fragment
in which poxF-1 and poxF-2 were ligated, a poxF deletion
fragment was amplified by PCR.

Actual PCR was performed with the use of a thermal
cycler, GeneAmp PCR System 9700 (made by Applied Bio-
systems) and TaKaRa LA Tag (made by Takara Bio, Inc.) as
a reaction reagent under the conditions described below.
Reaction Mixture:

TaKaRa LA Taq ™ (5 units/pL) 0.5 uL

10X LA PCR ™ Buffer II 5 uL

(Mg?* free)

25 mM MgCl, 5 uL

dNTP Mixture (2.5 mM each) 8 uL

Template DNA 5 pL (DNA content: 1 pg or less)

0.5
255

The above 2 primers™
Sterile distilled water

pL each (final conc.: 1 pM)
pL

The above ingredients were mixed, and 50 uL of the reaction mixture was subjected to PCR.
“For amplification of the poxF deletion fragment, a combination of primers (a-21) and

(b-22) was used.
PCR Cycle:

Denaturation step: 95° C., 20 seconds

Annealing step: 52° C., 5 seconds

Extension step: 72° C., 97 seconds

A cycle consisting of the above 3 steps was repeated 30
times.

Using 10 pulL of the above-produced reaction mixture, 0.8%
agarose gel electrophoresis was performed, and an about
1.6-kb fragment of the poxF deletion fragment was detected.

10 pL of the about 1.7-kb DNA fragment of the poxF
deletion fragment derived from Corynebacterium
glutamicum R, which was amplified by the above PCR, and 2
ul of an about 4.4-kb plasmid, pCRA725 for markerless
chromosomal gene transfection (J. Mol. Microbiol. Biotech-
nol., Vol. 8, 243-254, 2004 (JP 2006-124440 A) were cut with
the use of restriction enzyme Xbal, and processed at 70° C.
for 10 minutes for deactivation of the restriction enzyme.
Both were mixed, and 1 pul. of T4 DNA ligase 10x buffer
solution and 1 unit of T4 DNA ligase (made by Takara Bio,
Inc.) were added thereto. Sterile distilled water was added
thereto so that the total volume was 10 pl., and the mixture
was allowed to react at 15° C. for 3 hours for ligation. This
was named Ligation Liquid S.

With the use of the Ligation Liquid S, Escherichia coli
IM109 was transformed by the calcium chloride method
(Journal of Molecular Biology, 53, 159 (1970)) and was
applied to LB agar medium (1% polypeptone, 0.5% yeast
extract, 0.5% sodium chloride, and 1.5% agar) containing 50
ng/mL of kanamycin.
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A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzyme Xbal to confirm the inserted fragment. As a result, in
addition to an about 4.4-kb DNA fragment of the plasmid
pCRA725, an about 1.7-kb inserted fragment of the pheA
deletion gene derived from Corynebacterium glutamicum
(Ligation Liquid S) was confirmed.

The plasmid comprising the poxF deletion gene derived
from Corynebacterium glutamicum was named pCRA725-
poxF/CG.

(6) Construction of Strain in which Genes Associated with
by-Product Formation Pathway and/or Phenol Degradation
are Disrupted

Vector pCRA725 for markerless chromosomal gene trans-
fection is a plasmid that cannot be replicated within

Corynebacterium glutamicum R. With the use of the plas-
mid pCRA725-pheA/CG, transformation of Corynebacte-
rium glutamicum R was performed by electroporation (Agric.
Biol. Chem., Vol. 54, 443-447 (1990) and Res. Microbial.,
Vol. 144, 181-185 (1993)), and the strain was applied to A
agar medium (A liquid medium and 1.5% agar) containing 50
ng/ml of kanamycin. The single crossover strain obtained in
the above medium was applied to BT agar medium (2 g of
(NH,),CO, 7 g of (NH,),SO,, 0.5 g of KH,PO,, 0.5 g of
K,HPO,, 0.5 g of MgSO,.7H,0, 1 mL of 0.06% (w/v)
Fe,S0,.7H,0+0.042% (w/v) MnSO,.2H,0, 1 mL 0f 0.02%
(w/v) biotin solution, 2 mL of 0.01% (w/v) thiamin solution
dissolved in 1 L of distilled water, and 1.5% agar) containing
10% (w/v) sucrose.

In the case of a strain having a single crossover of the
plasmid pCRA725-phe A/CG with the homologous region on
the chromosome, the strain shows kanamycin resistance
resulting from the expression of the kanamycin resistance
gene on the pCRA725-pheA/CG and mortality in a culture
medium containing sucrose resulting from the expression of
the Bacillus subtilis sacR-sacB gene. In the case of a strain
having a double crossover of the plasmid pCRA725-pheA/
CQG, the strain shows kanamycin sensitivity resulting from the
loss of the kanamycin resistance gene on the pCRA725-
pheA/CG and growing ability in a culture medium containing
sucrose resulting from the loss of the sacR-sacB gene. The
markerless chromosomal gene disruptant shows kanamycin
sensitivity and growing ability in a culture medium contain-
ing sucrose. Therefore, a strain that showed kanamycin sen-
sitivity and growing ability in a culture medium containing
sucrose was selected.

The obtained markerless pheA gene disruptant of Coryne-
bacterium glutamicum R was named Corynebacterium
glutamicum PHE]1 (Table 1).

In a similar manner, with the use of the plasmid pCRA725-
poxF/CG constructed in the above (5) for markerless disrup-
tion of the Corynebacterium glutamicum R poxF gene, which
encodes an enzyme having phenol 2-monooxygenase activ-
ity, transformation of a Corynebacterium glutamicum ApheA
strain was performed by electroporation (Agric. Biol. Chem.,
Vol. 54, 443-447 (1990) and Res. Microbiol., Vol. 144, 181-
185 (1993)), and the strain was applied to A agar medium
containing 50 pg/ml. of kanamycin. The single crossover
strain obtained in the above culture medium was applied to
BT agar medium containing 10% (w/v) sucrose, and selection
was performed based on kanamycin sensitivity and growing
ability in a culture medium containing sucrose.

The obtained markerless pheA and poxF gene disruptant
was named Corynebacterium glutamicum PHE2 (Table 1).
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TABLE 1

Corynebacterium glutamicum chromosomal gene disruptant

Disrupted
Strain chromosomal gene
PHE-1 ApheA
PHE-2 ApheA ApoxF

(7) Construction of Transgenic Strain for tpl Enzyme Gene
Having Tyrosine Phenol-Lyase Activity

With the use of each of the above-described 6 kinds of
plasmids pCRB209-tpl/PA, pCRB207-tpl/CB, pCRB210-
tpl/DH, pCRB209-tpl/CA, pCRB209-tpl/NP, and pCRB209-
tpl/TD, transformation of Corynebacterium glutamicum R
was performed by electroporation (Agric. Biol. Chem., Vol.
54, 443-447 (1990) and Res. Microbiol., Vol. 144, 181-185
(1993)), and the strain was applied to A agar medium con-
taining 50 pg/mlL of kanamycin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of a restriction
enzyme to confirm the inserted fragment. As a result, trans-
fection of the above-prepared plasmids pCRB209-tpl/PA,
pCRB207-tpl/CB, pCRB210-tp/DH, pCRB209-tpl/CA,
pCRB209-tpl/NP, and pCRB209-tpl/TD was confirmed.

The obtained strains were named Corynebacterium
glutamicum  R/pCRB209-tpl/PA,  R/pCRB207-tpl/CB,
R/pCRB210-tpl/DH, R/pCRB209-tpl/CA, R/pCRB209-tpl/
NP, and R/pCRB209-tpl/TD.

(8) Construction of Transgenic Strain for Phenol Production
Gene

With the use of the above-described plasmid pCRB209-
tpl/PA, transformation of Coryrebacterium glutamicum R
was performed by electroporation (Agric. Biol. Chem., Vol.
54, 443-447 (1990) and Res. Microbiol., Vol. 144, 181-185
(1993)), and the strain was applied to A agar medium con-
taining 50 pg/mlL of kanamycin.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of a restriction
enzyme to confirm the inserted plasmid. As a result, transfec-
tion of the above-constructed plasmid pCRB209-tpl/PA was
confirmed.

The obtained
glutamicum PHE3.

Also, with the use of the above-described plasmids
pCRB209-tpl/PA and pCRB1-aroG/CG, transformation of
Corynebacterium glutamicum R was performed by elec-
troporation (Agric. Biol. Chem., Vol. 54, 443-447 (1990) and
Res. Microbiol., Vol. 144, 181-185(1993)), and the strain was
applied to A agar medium containing 50 pg/ml. of kanamycin
and 5 pg/mL of chloramphenicol. These two kinds of plas-
mids can coexist in Corynebacterium glutamicum.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzymes to confirm the inserted fragment. As a result, trans-
fection of the above-constructed plasmids pCRB209-tpl/PA
and pCRB1-aroG/CG was confirmed.

The obtained strain was named Corynebacterium
glutamicum PHE4.

With the use of the plasmids pCRB209-tpl/PA, pCRB1-
aroG/CG, and pCRB15-csm/CG, transformation of Coryne-
bacterium glutamicum R was performed by electroporation

strain was named Corynebacterium
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(Agric. Biol. Chem., Vol. 54, 443-447 (1990) and Res. Micro-
biol., Vol. 144, 181-185 (1993)), and the strain was applied to
A agar medium containing 50 pg/ml. of kanamyecin, 5 pg/ml
of chloramphenicol, and 25 pg/ml. of zeocin. These three
kinds of plasmids can coexist in Corynebacterium
glutamicum.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzymes to confirm the inserted fragment. As a result, trans-
fection of the above-constructed plasmids pCRB209-tpl/PA,
pCRB1-aroG/CG, and pCRB15-csm/CG was confirmed. The
obtained strain was named Corynebacterium glutamicum
PHES. The outline of gene recombination in the above-ob-
tained strains is shown in Table 2.

TABLE 2

Transgenic strains for phenol production gene

Transfected gene

Strain  Host strain namey/origin

PHE-3  Corynebacterium tpl/PA

PHE-4  glutamicum R tpl/PA aroG/CG

PHE-5  (wild strain) tpl/PA aroG/CG csm/CG

*) Abbreviations in Table 2 stand for the following.
<Abbreviation for gene origin>
PA: Pantoea agglomerans

CG: Corynebacterium glutamicum R

(9) Transfection of Phenol-Producing Gene into Strain in
which by-Product Formation Pathway and Phenol-Degrading
Genes are Disrupted

Further, with the use of the plasmids pCRB209-tpl/PA,
pCRB1-aroG/CG, and pCRB15-csm/CG, transformation of
Corynebacterium glutamicum PHE1 (ApheA) and PHE2
(ApheAApoxF) strains were performed by electroporation
(Agric. Biol. Chem., Vol. 54, 443-447 (1990) and Res. Micro-
biol., Vol. 144, 181-185 (1993)), and the strains were applied
to A agar medium containing 50 pg/ml of kanamycin, 5
ng/ml of chloramphenicol, and 25 pg/ml. of zeocin. These
three kinds of plasmids can coexist in Corynebacterium
glutamicum.

A growing strain on the culture medium was subjected to
liquid culture in the usual manner. Plasmid DNA was
extracted from the culture and cut with the use of restriction
enzymes to confirm the inserted fragment. As a result, trans-
fection of the above-constructed plasmids pCRB209-tpl/PA,
pCRB1-aroG/CG, and pCRB15-csm/CG was confirmed. The
obtained transformant of the PHE1 (ApheA) strain was
named Corynebacterium glutamicum PHE6, and the
obtained transformant of the PHE2 (ApheAAldhA) strain was
named Corynebacterium glutamicum PHE7. The outline of
gene recombination in the above-obtained strains is shown in
Table 6. Corynebacterium glutamicum PHE7 was deposited
in Incorporated Administrative Agency National Institute of
Technology and Evaluation, NITE Patent Microorganisms
Depositary (2-5-8 Kazusakamatari, Kisarazu-shi, Chiba 292-
0818 Japan) under Accession Number NITE BP-976 on Aug.
12, 2011 (the original deposit was made under Accession
Number NITE P-976 on Aug. 31, 2010).
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TABLE 3

Transfection of phenol-producing genes into gene disrupted
strains

C. glutamicum Transfected gene

Strain disrupted chromosomal gene name/origin
PHE-6 ApheA tpl/PA, aroG/CG, csm/CG
PHE-7 ApheA ApoxF

*) Abbreviations in Table 3 stand for the following.
<Abbreviation for gene origin>

PA: Pantoea agglomerans

CG: Corynebacterium glutamicum R

Example 3

Tyrosine Phenol-Lyase Activity Determination in Transgenic
Strains for tpl Gene
(1) Tyrosine Phenol-Lyase Activity Determination

Corynebacterium  glutamicum  R/pCRB209-tpl/PA,
R/pCRB207-tpl/CB, R/pCRB210-tpl/DH, R/pCRB209-tpl/
CA, R/pCRB209-tpl/NP, and R/pCRB209-tpl/TD, which
were each constructed in Example 2 (7) by transfection of a
tyrosine phenol-lyase gene were applied to A agar medium (2
g of (NH,),CO, 7 g of (NH,),S0,, 0.5 g of KH,PO,, 0.5 gof
K,HPO,, 0.5 g of MgSO,.7H,0, 1 mL of 0.06 w/v %
Fe,S0,.7H,0+0.042 w/v % MnSO,.2H,0, 1 mL of 0.02 w/v
% biotin solution, 2 mL. 0f0.01 w/v % thiamin solution, 2 g of
yeast extract, 7 g of vitamin assay casamino acid, 40 g of
glucose, and 15 g of agar suspended in 1 L of distilled water)
containing 50 ng/ml. of kanamycin, and left stand in the dark
at 28° C. for 20 hours.

An inoculation loop of each Corynebacterium glutamicum
transgenic strain for a tyrosine phenol-lyase gene grown on a
plate as above was inoculated into a test tube containing 10
mL of A liquid medium (2 g of (NH,),CO, 7 gof (NH,),SO,,
0.5 g of KH,PO,, 0.5 g of K,HPO,, 0.5 g 0of MgSO,.7H,0, 1
ml. of 006 w/iv % Fe,S0,.7H,0+0.042 wiv %
MnSO,.2H,0, 1 mL of 0.02 w/v % biotin solution, 2 mL of
0.01 w/v % thiamin solution, 2 g of yeast extract, 7 g of
vitamin assay casamino acid, and 40 g of glucose suspended
in 1 L of distilled water) containing 50 pg/mL of kanamycin,
and aerobically cultured with shaking at 33° C. for 16 hours.

The transgenic strain for a tyrosine phenol-lyase gene
grown in the above conditions was inoculated into 100 mL of
A liquid medium containing 50 pg/ml. of kanamycin, and
aerobically cultured with shaking at 33° C. for 16 hours.
Corynebacterium glutamicum R was cultured in the same
conditions except that the A medium did not contain kana-
mycin.

Each kind of the bacterial cells cultured and proliferated as
above was collected by centrifugation (8,000xgat 4° C. for 10
minutes). After crushing bacterial cells with the use of glass
beads, centrifugation (15,000 rpm, 20 minutes) was per-
formed. With the use of the obtained crushed cell supernatant
as a crude enzyme liquid, Tpl activity was determined by the
following method.

50 mM potassium phosphate buffer at pH 8.0, 2.5 mM
L-Tyr, 0.1 mM pyridoxal phosphate, 20% glycerol, and the
crude enzyme liquid were mixed and allowed to react at 30°
C. for 30 minutes. The reaction was stopped by the addition of
0.6 N hydrochloric acid (final concentration). After filter fil-
tration, the produced phenol was analyzed and quantified by
HPLC (Cosmosil C18 AR11, mobile phase: 20% MeOH and
0.07% perchloric acid). The enzyme specific activity deter-
mined based on the amount of phenol produced by the
enzyme reaction is shown in Table 4.
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As a result, the Corynebacterium glutamicum expressing
the tpl gene derived from Pantoea agglomerans, the tpl gene
derived from Citrobacter braakii, or the tpl gene derived from
Desulfitobacterium hafniense showed particularly high activ-
ity, and also the Corynebacterium glutamicum expressing the
tpl gene derived from Chloroflexus aurantiacus, the tpl gene
derived from Nostoc punctiforme, or the tpl gene derived
from Treponema denticola showed a certain activity.

TABLE 4
Activity determination in Corynebacterium glutamicum
transgenic strains for tpl gene
Specific activity

Strain Transferred gene (U/mg-protein)
R/pCRB209-tpl/PA tpl(Pantoea agglomerans) 0.027
R/pCRB207-tpl/CB tpl(Citrobacter braakii) 0.052
R/pCRB210-tpl/DH tpl(Desulfitobacterium 0.029

hafiiense)
R/pCRB209-tpl/CA tpl(Chloroflexus 0.001

aurantiacus)
R/pCRB209-tpl/NP tpl(Nostoc punctiforme) 0.001
R/pCRB209-tpl/TD tpl(Treponema denticola) 0.002

Corynebacterium glutamicum R 0

Example 4

Experiment of Phenol Production Using Corynebacterium
glutamicum Transgenic Strains for Phenol-Producing Gene

In order to examine the effects of the Pantoea agglomerans
tpl gene, which encodes an enzyme having tyrosine phenol-
lyase activity, the Corynebacterium glutamicum aroG gene,
which encodes DAHP synthetase, and the Corynebacterium
glutamicum csm gene, which encodes chorismate mutase,
these genes were transferred into Corynebacterium
glutamicum R in a one-by-one stacking manner for compari-
son of phenol production.

The PHE3 strain (transgenic for tpl gene), PHE4 strain
(transgenic for tpl gene and aroG gene), and PHES strain
(transgenic for tpl gene, aroG gene, and csm gene), all of
which were constructed in Example 2 (see Table 2), were
applied to A agar medium (2 g of (NH,),CO, 7 g of
(NH,),S0,, 0.5 g of KH,PO,, 0.5 g of K,HPO,, 0.5 g of
MgS0,.7H,0, 1 mL of 0.06 w/v % Fe,SO,.7H,0+0.042 w/v
% MnSO,.2H,0, 1 mL 0of 0.02 w/v % biotin solution, 2 m[, of
0.01 w/v % thiamin solution, 2 g of yeast extract, 7 g of
vitamin assay casamino acid, 40 g of glucose, and 15 g of agar
suspended in 1 L of distilled water) containing 50 pg/ml. of
kanamycin in the case of PHE3, 50 ng/ml. of kanamycin and
5 ug/mL of chloramphenicol in the case of PHE4, or 50
png/ml of kanamycin, 5 pg/ml of chloramphenicol, and 25
ng/mlL of zeocin in the case of PHES, and left stand in the dark
at 28° C. for 20 hours.

An inoculation loop of each Corynebacterium glutamicum
transgenic strain for a single gene grown on a plate as above
was inoculated into a test tube containing 10 mL of A liquid
medium (2 g of (NH,),CO, 7 g of (NH,),SO,, 0.5 g of
KH,PO,, 0.5 g of K,HPO,, 0.5 g of MgSO,.7H,0, 1 mL of
0.06 w/v % Fe,S0,.7H,0+0.042 w/v % MnSO,.2H,0, 1 mL
of 0.02 w/v % biotin solution, 2 mL of 0.01 w/v % thiamin
solution, 2 g of yeast extract, 7 g of vitamin assay casamino
acid, and 40 g of glucose suspended in 1 L of distilled water)
containing the corresponding antibiotic(s), and aerobically
cultured with shaking at 28° C. for 15 hours.

The transgenic strain for a phenol-producing gene grown in
the above conditions was inoculated into 100 mL of A liquid
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medium containing the corresponding antibiotic(s), and aero-
bically cultured with shaking at 33° C. for 24 hours. For
quantitative determination of phenol, the reaction mixture
sampled was centrifuged (15,000xg at 4° C. for 10 minutes),
and the obtained supernatant was analyzed by liquid chroma-
tography.

The results are shown in Table 5. Corynebacterium
glutamicum PHE3 produced 0.1 mM of phenol, Corynebac-
terium glutamicum PHE4 produced 0.4 mM of phenol, and
Corynebacterium glutamicum PHES produced 0.9 mM of
phenol in the respective culture media in 24 hours. That is,
phenol production from glucose was enabled by the transfer
of the tpl gene, and the increase in the amount of produced
phenol was achieved by the altered metabolism resulting
from the transfer of the aroG gene and the csm gene.

TABLE §

Experiment of phenol production using transgenic strains for

phenol production gene
Amount of
produced
Transfected gene phenol
Strain  Host strain name/origin (mM)
PHE-3  Corynebacterium tpl/PA 0.1
PHE-4  glutamicum R tpl/PA  aroG/CG 0.4
PHE-5  (wild strain) tpl/PA  aroG/CG  csm/CG 0.9
*) Abbreviations in Table 5 stand for the following.
<Abbreviation for gene origin>
PA: Pantoea agglomerans
CG: Corynebacterium glutamicum R
Example 5

Experiment of Phenol Production Using Transgenic Strains
for Phenol-Producing Gene in which by-Product Formation
Pathway and Phenol-Degrading Genes are Disrupted

The markerless Coryrebacterium glutamicum chromo-
some gene disruptants, PHE6 (ApheA) and PHE7 (ApheAA-
poxF), constructed in Example 2 by transferring the phenol-
producing gene expression plasmids pCRB209-tpl/PA,
pCRB1-aroG/CG, and pCRB15-csm/CG, were applied to A
agar medium (2 g of (NH,),CO, 7 g of (NH,),SO,, 0.5 g of
KH,PO,, 0.5 g of K,HPO,, 0.5 g of MgSO,.7H,0, 1 mL of
0.06% (w/v) Fe,SO,.7H,0+0.042% (w/v) MnSO,,.2H,0, 1
mL of 0.02% (w/v) biotin solution, 2 mL. of 0.01% (w/v)
thiamin solution, 2 g of yeast extract, 7 g of vitamin assay
casamino acid, 40 g of glucose, and 15 g of agar suspended in
1 L of distilled water) containing 50 pug/ml. of kanamycin, 5
ng/mL of chloramphenicol, and 25 pg/ml. of zeocin, and left
stand in the dark at 28° C. for 20 hours (Table 6).

An inoculation loop of each transgenic strain for a phenol-
producing gene grown on a plate as above was inoculated into
a test tube containing 10 mL of A liquid medium (2 g of
(NH,),CO, 7 g of (NH,),SO,, 0.5 g of KH,PO,, 0.5 g of
K,HPO,, 0.5 g of MgSO,.7H,0, 1 mL of 0.06% (w/v)
Fe,S0,.7H,0+0.042% (w/v) MnSO,.2H,0, 1 mL 0f 0.02%
(w/v) biotin solution, 2 mI, 0f 0.01% (w/v) thiamin solution,
2 g of'yeast extract, 7 g of vitamin assay casamino acid, and
40gofglucosesuspendedin 1 L of distilled water) containing
50 pg/ml. of kanamycin, 5 pg/ml of chloramphenicol, and 25
ng/mlL. of zeocin, and aerobically cultured with shaking at 33°
C. for 16 hours.

The transgenic strain for a phenol-producing gene grown in
the above conditions was inoculated into 100 mL of A liquid
medium containing 50 pg/ml. of kanamycin, 5 pg/ml of
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chloramphenicol, and 25 pg/mL of zeocin, and aerobically
cultured with shaking at 33° C. for 24 hours.

For quantitative determination of phenol, the reaction mix-
ture sampled was centrifuged (15,000xg at 4° C. for 10 min-
utes), and the obtained supernatant was analyzed by liquid
chromatography.

As a result, while PHES using a Coryrebacterium
glutamicum wild strain as a host produced 0.9 mM of phenol
in 24 hours, PHEG6 using a Corynebacterium glutamicum
pheA gene disruptant as a host produced 5.8 mM of phenol,
and PHE7 using a Corynebacterium glutamicum pheA and
poxF gene disruptant as a host produced 6.9 mM of phenol.

That is, metabolically engineered alteration by pheA gene
disruption, which blocks the pathway for producing pheny-
lalanine as a by-product, and by poxF gene disruption, which
blocks the degradation pathway for phenol, sequentially
improved the phenol productivity.

TABLE 6
Experiment of phenol production using transgenic strains for
phenol-producing gene in which by-product formation pathway and
phenol-degrading genes are disrupted
Amount of
Transfected Disrupted host produced phenol
Strain  gene chromosomal gene (mM)
PHE5  tpl/PA Corynebacterium 0.9
aroG/CG glutamicum
(wild strain)
PHE6  csm/CG ApheA 5.8
PHE7 ApheA ApoxF 6.9

*) Abbreviations in the table stand for the following,
<Abbreviation for gene origin>

PA: Pantoea agglomerans

CG: Corynebacterium glutamicum

Example 6

Experiment of Phenol Production Using Corynebacterium
glutamicum PHE7 Under Reducing Conditions

The Corynebacterium glutamicum phenol-producing
strain PHE7 created in Example 2 was applied to A agar
medium containing 50 pg/ml. of kanamycin, 5 pg/ml of
chloramphenicol, and 25 pg/ml. of zeocin, and left stand in
the dark at 28° C. for 20 hours.

An inoculation loop of the Corynebacterium glutamicum
phenol-producing strain PHE7 grown on a plate as above was
inoculated into a test tube containing 10 mL of A liquid
medium containing 50 pg/ml. of kanamycin, 5 pg/ml of
chloramphenicol, and 25 pg/mL of zeocin, and aerobically
cultured with shaking at 28° C. for 15 hours.

The Corynebacterium glutamicum phenol-producing
strain PHE7 grown in the above conditions was inoculated
into a 2 L-conical flask containing 500 mL of A liquid
medium containing 50 pg/ml. of kanamycin, 5 pg/ml of
chloramphenicol, and 25 pg/mL of zeocin, and aerobically
cultured with shaking at 28° C. for 15 hours.

Each kind of the bacterial cells cultured and proliferated as
above was collected by centrifugation (5,000xg at 4° C. for 15
minutes). The obtained bacterial cells were suspended in BT
(-urea) liquid medium (0.7% ammonium sulfate, 0.05%
potassium dihydrogen phosphate, 0.05% dipotassium hydro-
gen phosphate, 0.05% magnesium sulfate heptahydrate,
0.0006% iron sulfate heptahydrate, 0.00042% manganese
sulfate hydrate, 0.00002% biotin and 0.00002% thiamine
hydrochloride) so that the final concentration of the bacterial
cell was ODg,,=35. To 100-mL medium bottles containing
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60 mL of the cell suspension, glucose was added so as to be
8% in concentration, and the reaction was allowed to proceed
under reducing conditions (the ORP of the reaction mixture:
-450 mV) in a water bath kept at 33° C. with stirring. During
the reaction, 2.5 N aqueous ammonia was added with the use
of'a pH controller (Type: DT-1023 made by Able) to avoid the
pH of the reaction mixture falling below 7.0.

A sample of the reaction mixture was centrifuged (15,
000xg at 4° C. for 10 minutes), and the obtained supernatant
was used for quantitative determination of phenol.

44

As aresult, in the reaction under reducing conditions, the
Corynebacterium  glutamicum phenol-producing strain
PHE?7 exhibited higher productivity than in the aerobic cul-
ture and had produced 11.3 mM of phenol 24 hours after the
start of the reaction.

Industrial Applicability

According to the process of the present invention, phenol
can be produced with a practical efficiency using microorgan-
isms.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 67

<210> SEQ ID NO 1

<211> LENGTH: 1195

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: pCASEl-ori

<400> SEQUENCE: 1

atgaaaaccyg accgtgcacg ctegtgtgag aaagtcaget acatgagacce aactacccge 60
cctgagggac getttgagea getgtggetyg cegetgtgge cattggcaag cgatgaccte 120
cgtgagggea tttaccgcac ctcacggaag aacgegetgg ataagegeta cgtcgaagec 180
aatcccgacyg cgctcetetaa ccotectggte gttgacateg accaggagga cgegettttyg 240
cgetetttgt gggacaggga ggactggaga cctaacgegg tggttgaaaa ccccttaaac 300
gggcacgcac acgctgtetg ggegetegeyg gagecattta cecgeaccga atacgccaaa 360
cgcaagectt tggectatge cgeggetgte accgaaggec tacggegete tgtcgatgge 420
gatagcggat actccggget gatcaccaaa aaccccgage acactgcatg ggatagtcac 480
tggatcaccyg ataagctgta tacgctcgat gagetgeget tttggetcega agaaaccgge 540
tttatgecege ctgegtectyg gaggaaaacg cggeggttet cgccagttgg tctaggtegt 600
aattgcgeac tctttgaaag cgcacgtacg tgggcatatce gggaggtcag aaagcatttt 660
ggagacgctyg acggectagg ccgegcaatce caaaccacceg cgcaagcact taaccaagag 720
ctgtttgatg aaccactacc tgtggccgaa gttgactgta ttgccaggtce aatccataaa 780
tggatcatca ccaagtcacg catgtggaca gacggcgceg cegtctacga cgccacatte 840
accgcaatge aatcecgecacyg cgggaagaaa ggcetggcaac gaagcegcetga ggtgegtegt 900
gaggctggac atactctttg gaggaacatt ggctaaggtt tatgcacgtt atccacgcaa 960

cggaaaaaca geccgegage tggcagaacg tgecggtatg teggtgagaa cagctcaacyg 1020

atggacttcc gaaccgegtg aagtgttcat taaacgtgcc aacgagaagc gtgctcgegt 1080

ccaggagctyg cgcgccaaag gtcectgtccat gegegcetatce gecggcagaga ttggttgete 1140

ggtgggcacg gttcaccgct acgtcaaaga agttgaagag aagaaaaccg cgtaa 1195

<210> SEQ ID NO 2

<211> LENGTH: 2675

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: pHSG298

<400> SEQUENCE: 2

gaggtctgee tcgtgaagaa ggtgttgetyg actcatacca ggectgaate gecccatcat 60

ccagecagaa agtgagggag ccacggttga tgagagettt gttgtaggtg gaccagttgg 120
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-continued
tgattttgaa cttttgcttt gccacggaac ggtctgegtt gtegggaaga tgcgtgatct 180
gatccttcaa ctcagcaaaa gttcgattta ttcaacaaag ccacgttgtg tctcaaaatce 240
tctgatgtta cattgcacaa gataaaaata tatcatcatg aacaataaaa ctgtctgett 300
acataaacag taatacaagg ggtgttatga gccatattca acgggaaacyg tcttgctcga 360
agccgegatt aaattccaac atggatgetg atttatatgg gtataaatgg gctcegegata 420
atgtcgggca atcaggtgcg acaatctatc gattgtatgg gaagcccgat gcgccagagt 480
tgtttctgaa acatggcaaa ggtagegttg ccaatgatgt tacagatgag atggtcagac 540
taaactggct gacggaattt atgcctette cgaccatcaa gcattttate cgtactectg 600
atgatgcatg gttactcacc actgcgatcce cecgggaaaac agcattccag gtattagaag 660
aatatcctga ttcaggtgaa aatattgttg atgcgctgge agtgttcectyg cgceggttge 720
attcgattcce tgtttgtaat tgtcctttta acagcgatcg cgtatttcecgt ctecgetcagg 780
cgcaatcacg aatgaataac ggtttggttg atgcgagtga ttttgatgac gagcgtaatg 840
gectggectgt tgaacaagtc tggaaagaaa tgcataagcet tttgccattc tcaccggatt 900
cagtcgtcac tcatggtgat ttctcacttg ataaccttat ttttgacgag gggaaattaa 960
taggttgtat tgatgttgga cgagtcggaa tcgcagaccg ataccaggat cttgccatcce 1020
tatggaactg cctcggtgag ttttctectt cattacagaa acggcttttt caaaaatatg 1080
gtattgataa tcctgatatg aataaattgc agtttcattt gatgctcgat gagtttttcet 1140
aatcagaatt ggttaattgg ttgtaacact ggcagagcat tacgctgact tgacgggacg 1200
gcggetttgt tgaataaatc gcattcgecca ttcaggctge gcaactgttg ggaagggcga 1260
tcggtgeggg cctcetteget attacgeccag ctggcgaaag ggggatgtge tgcaaggcga 1320
ttaagttggg taacgccagg gttttcccag tcacgacgtt gtaaaacgac ggccagtgcece 1380
aagcttgcat gecctgcaggt cgactctaga ggatccecegg gtaccgaget cgaattcegta 1440
atcatgtcat agctgtttcc tgtgtgaaat tgttatccge tcacaattcc acacaacata 1500
cgagccggaa gcataaagtg taaagcctgg ggtgcctaat gagtgagcta actcacatta 1560
attgcgttge gectcactgec cgcttteccag tcgggaaacce tgtcecgtgcca getgcattaa 1620
tgaatcggcce aacgcgcggg gagaggcggt ttgcgtattg gecgaactttt getgagttga 1680
aggatcagat cacgcatctt cccgacaacg cagaccgttc cgtggcaaag caaaagttca 1740
aaatcagtaa ccgtcagtgc cgataagttc aaagttaaac ctggtgttga taccaacatt 1800
gaaacgctga tcgaaaacgc gctgaaaaac gctgctgaat gtgcgagett cttecgette 1860
ctecgetcecact gactcgctge getecggtegt tceggctgegg cgagcggtat cagctcactce 1920
aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaaga acatgtgage 1980
aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg ttgctggcegt ttttccatag 2040
gctecgecee cctgacgage atcacaaaaa tcgacgetca agtcagaggt ggcgaaaccce 2100
gacaggacta taaagatacc aggcgtttcc ccctggaage tcecctegtge gctetectgt 2160
tcecgaccectg cecgcttaceg gatacctgte cgectttete cecttecgggaa gegtggeget 2220
ttctcaatge tcacgctgta ggtatctcag ttecggtgtag gtcecgttcecget ccaagetggg 2280
ctgtgtgcac gaacccceeg ttcagcccga ccgcectgegece ttatccggta actatcgtcet 2340
tgagtccaac ccggtaagac acgacttatc gccactggca gcagccactg gtaacaggat 2400
tagcagagcg aggtatgtag gcggtgctac agagttcettg aagtggtggce ctaactacgg 2460
ctacactaga aggacagtat ttggtatctg cgctctgctg aagccagtta ccttcecggaaa 2520
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aagagttggt agctcttgat ccggcaaaca aaccaccget ggtageggtg gtttttttgt

ttgcaagcag cagattacgce gcagaaaaaa aggatctcaa gaagatccett tgatctttte

tacggggtct gacgctcagt ggaacgatce gtcega

<210> SEQ ID NO 3

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 3

atagatctag aacgtccgta ggage

<210> SEQ ID NO 4

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 4

atagatctga cttggttacg atggac

<210> SEQ ID NO 5

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 5

atagatctag gtttcccgac tggaaag

<210> SEQ ID NO 6

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 6

atagatctcg tgccagetge attaatga

<210> SEQ ID NO 7

<211> LENGTH: 1885

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: pCGl-ori

<400> SEQUENCE: 7

agcatggtcg tcacagagct ggaagcggca gcgagaatta tecgegateg tggegeggtg

ccecgecaggea tgacaaacat cgtaaatgece gegtttegtg tggecgtgge cgeccaggac

gtgtcagege cgccaccacce tgcaccgaat cggcagcage gtegegegtce gaaaaagegc

acaggcggca agaagcgata agctgcacga atacctgaaa aatgttgaac gccccegtgag

cggtaactca cagggegteg getaaccece agtccaaace tgggagaaag cgctcaaaaa

tgactctage ggattcacga gacattgaca caccggectg gaaattttee getgatetgt

tcgacaccca tcccgagete gegetgegat cacgtggetg gacgagcegaa gaccgecgeg

2580

2640

2675

25

26

27

28

60

120

180

240

300

360

420
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-continued
aattcctege tcacctggge agagaaaatt tecagggcag caagacccege gacttcgceca 480
gegettggat caaagaccceg gacacgggag aaacacagcec gaagttatac cgagttggtt 540
caaaatcgcet tgcceggtge cagtatgttg ctetgacgea cgegcagcac gcagecgtge 600
ttgtecctgga cattgatgtg ccgagccacce aggecggegyg gaaaatcgag cacgtaaacce 660
ccgaggteta cgcgattttyg gagegetggg cacgectgga aaaagcgceca gcttggatceg 720
gegtgaatcece actgagcggg aaatgccage tcatctgget cattgatccg gtgtatgecg 780
cagcaggcat gagcagcccg aatatgegece tgetggetge aacgaccgag gaaatgacce 840
gegttttegyg cgetgaccag getttttcac ataggctgag ceggtggeca ctgcacgtet 900
ccgacgatcee caccgegtac cgctggeatg cecagcacaa tegegtggat cgectagetg 960
atcttatgga ggttgctege atgatctcag gcacagaaaa acctaaaaaa cgctatgagc 1020
aggagtttte tagcggacgg gcacgtatcg aagcggcaag aaaagccact gcggaagcaa 1080
aagcacttgce cacgcttgaa gcaagectge cgagegecge tgaagcegtet ggagagetga 1140
tcgacggegt cecgtgtcecte tggactgcte cagggcgtge cgcccgtgat gagacggcett 1200
ttcgeccacge tttgactgtyg ggataccagt taaaagcggce tggtgagcgce ctaaaagaca 1260
ccaagatcat cgacgcectac gagcgtgect acaccgtege tcaggceggte ggagcagacg 1320
geegtgagee tgatctgeceg ccgatgegtg accgccagac gatggegega cgtgtgegeg 1380
gctacgtege taaaggccag ccagtcgtcece ctgctegtca gacagagacg cagagcagec 1440
gagggcgaaa agctctggece actatgggaa gacgtggegg taaaaaggcc gcagaacget 1500
ggaaagaccce aaacagtgag tacgcccgag cacagcgaga aaaactaget aagtccagte 1560
aacgacaagc taggaaagct aaaggaaatc gcttgaccat tgcaggttgg tttatgactg 1620
ttgagggaga gactggctcg tggccgacaa tcaatgaagc tatgtctgaa tttagcegtgt 1680
cacgtcagac cgtgaataga gcacttaagt ctgcgggcat tgaacttcca cgaggacgcce 1740
gtaaagcttc ccagtaaatg tgccatctecg taggcagaaa acggttcccce ccgtaggggt 1800
ctectetettg gectecttte taggtcecggge tgattgetet tgaagcectcte taggggggct 1860
cacaccatag gcagataacg gttcc 1885
<210> SEQ ID NO 8
<211> LENGTH: 2227
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: pHSG398
<400> SEQUENCE: 8
acggaagatc acttcgcaga ataaataaat cctggtgtece ctgttgatac cgggaagcce 60
tgggccaact tttggcgaaa atgagacgtt gatcggcacyg taagaggttc caactttcac 120
cataatgaaa taagatcact accgggegta ttttttgagt tatcgagatt ttcaggaget 180
aaggaagcta aaatggagaa aaaaatcact ggatatacca ccgttgatat atcccaatgg 240
catcgtaaag aacattttga ggcatttcag tcagttgcte aatgtaccta taaccagacce 300
gttcagetgyg atattacgge ctttttaaag accgtaaaga aaaataagca caagttttat 360
ceggecttta ttcacattcet tgcccgectg atgaatgete atccggaatt tcegtatggea 420
atgaaagacg gtgagctggt gatatgggat agtgttcacce cttgttacac cgttttccat 480
gagcaaactyg aaacgttttc atcgetcectgg agtgaatacce acgacgattt cecggcagttt 540
ctacacatat attcgcaaga tgtggegtgt tacggtgaaa acctggecta tttcecctaaa 600
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-continued
gggtttattg agaatatgtt tttecgtctca gccaatccet gggtgagttt caccagtttt 660
gatttaaacyg tggccaatat ggacaacttc ttcgcccceg ttttcaccat gggcaaatat 720
tatacgcaag gcgacaaggt gctgatgecg ctggcegatte aggttcatca tgcegtetgt 780
gatggcttece atgtcggcag aatgcttaat gaattacaac agtactgcga tgagtggcag 840
ggcggggegt aattttttta aggcagttat tggtgecctt aaacgectgg tgctacgect 900
gaataagtga taataagcgg atgaatggca gaaattcagce ttggcccagt gccaagctcece 960
aatacgcaaa ccgcctctee cegegegttg gceccgattcat taatgcaget ggcacgacag 1020
gtttccecgac tggaaagcgg gcagtgagceg caacgcaatt aatgtgagtt agctcactca 1080
ttaggcaccc caggctttac actttatgct tccggctegt atgttgtgtg gaattgtgag 1140
cggataacaa tttcacacag gaaacagcta tgaccatgat tacgaattcg agctcggtac 1200
ccggggatcee tctagagteg acctgcaggce atgcaagcett ggcactggece gtegttttac 1260
aacgtcgtga ctgggaaaac cctggcgtta cccaacttaa tcgccttgca gcacatccce 1320
ctttcgecag ctggcgtaat agcgaagagg cccgcaccga tcgcccttece caacagttgce 1380
gcagcctgaa tggcgaatga gcttcectteecg cttecteget cactgactcecg ctgecgcectegyg 1440
tcgttegget geggcgageg gtatcagcecte actcaaaggce ggtaatacgg ttatccacag 1500
aatcagggga taacgcagga aagaacatgt gagcaaaagg ccagcaaaag gccaggaacce 1560
gtaaaaaggc cgcgttgctg gcecgtttttece ataggctceceg cccccectgac gagcatcaca 1620
aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg actataaaga taccaggcegt 1680
tteccecectgg aagctccecte gtgegcetcte ctgtteccgac cectgeccgcett accggatacce 1740
tgtcecgectt tetcectteg ggaagegtgg cgetttetca atgctcacge tgtaggtatce 1800
tcagtteggt gtaggtcgtt cgctccaage tgggctgtgt gcacgaacce cccgttcagce 1860
ccgaccgetg cgcecttatee ggtaactate gtettgagtce caacccggta agacacgact 1920
tatcgccact ggcagcagcec actggtaaca ggattagcag agcgaggtat gtaggceggtg 1980
ctacagagtt cttgaagtgg tggcctaact acggctacac tagaaggaca gtatttggta 2040
tctgegetet getgaageca gttaccttceg gaaaaagagt tggtagctcet tgatccggca 2100
aacaaaccac cgctggtagce ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa 2160
aaaaaggatc tcaagaagat cctttgatct tttctacggg gtctgacgct cagtggaact 2220
ccgtcga 2227
<210> SEQ ID NO 9
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 9
atagatctag catggtcgtc acagag 26

<210> SEQ ID NO 10
<211> LENGTH: 28

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 10
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atagatctgg aaccgttate tgectatg

<210> SEQ ID NO 11

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 11

atagatctgt cgaacggaag atcactte

<210> SEQ ID NO 12

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 12

atagatctag ttccactgag cgtcag

<210> SEQ ID NO 13

<211> LENGTH: 4125

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: pCRB11

<400> SEQUENCE: 13

ctgtcgaacyg gaagatcact tcgcagaata aataaatcct ggtgtecetg ttgataccgg
gaagccectgg gecaactttt ggcgaaaatyg agacgttgat cggcacgtaa gaggttcecaa
ctttcaccat aatgaaataa gatcactacc gggegtattt tttgagttat cgagatttte
aggagctaag gaagctaaaa tggagaaaaa aatcactgga tataccaccg ttgatatatc
ccaatggcat cgtaaagaac attttgagge atttcagtca gttgctcaat gtacctataa
ccagaccgtt cagctggata ttacggectt tttaaagacce gtaaagaaaa ataagcacaa
gttttatceg gectttatte acattcettge cegectgatg aatgetcatce cggaattteg
tatggcaatg aaagacggtg agctggtgat atgggatagt gttcaccett gttacaccgt
tttccatgag caaactgaaa cgttttecate getctggagt gaataccacg acgatttceg
gcagtttcta cacatatatt cgcaagatgt ggcgtgttac ggtgaaaacc tggectattt
ccctaaaggg tttattgaga atatgttttt cgtctcagec aatccetggg tgagtttcac
cagttttgat ttaaacgtgg ccaatatgga caacttctte gecccegttt tcaccatggg
caaatattat acgcaaggcg acaaggtgct gatgecgetg gegattcagg ttcatcatge
cgtttgtgat ggcttecatg teggcagaat gettaatgaa ttacaacagt actgcgatga
gtggcaggge ggggcgtaat ttttttaagyg cagttattgg tgcccttaaa cgectggttg
ctacgcectga ataagtgata ataagcggat gaatggcaga aattcagett ggeccagtge
caagctccaa tacgcaaacce gectcteece gegegttgge cgattcatta atgcagetgg
cacgacaggt ttcccgactg gaaagceggge agtgagegea acgcaattaa tgtgagttag
ctcactcatt aggcacccca ggctttacac tttatgette cggetegtat gttgtgtgga
attgtgagcg gataacaatt tcacacagga aacagctatg accatgatta cgaattcgag

cteggtacce ggggatccte tagagtcgac ctgcaggeat gecaagettgg cactggecgt

cgttttacaa cgtcgtgact gggaaaacce tggegttace caacttaate gecttgcage

28

28

26

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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acatccecect ttcegeccaget ggcgtaatag cgaagaggcce cgcaccgatce geccttecca 1380
acagttgcgce agcctgaatg gcgaatgage ttcettceceget tectecgcectceca ctgacteget 1440
gcgeteggte gtteggectge ggcgageggt atcagctcac tcaaaggcgg taatacggtt 1500
atccacagaa tcaggggata acgcaggaaa gaacatgtga gcaaaaggcc agcaaaaggce 1560
caggaaccgt aaaaaggccg cgttgctgge gtttttecat aggctceccgece cccctgacga 1620
gcatcacaaa aatcgacgct caagtcagag gtggcgaaac ccgacaggac tataaagata 1680
ccaggcegttt ccccectggaa gcectceccectegt gecgetctect gttecgacce tgccgcttac 1740
cggatacctg tccgecttte tecctteggg aagegtggeg ctttcectcata getcacgetg 1800
taggtatctc agttcggtgt aggtcgttcg cteccaagetg ggctgtgtge acgaaccccce 1860
cgttcagcece gaccgctgeg ccttatecgg taactategt cttgagtcca acccggtaag 1920
acacgactta tcgccactgg cagcagccac tggtaacagg attagcagag cgaggtatgt 1980
aggcggtgct acagagttcect tgaagtggtg gcctaactac ggctacacta gaagaacagt 2040
atttggtatc tgcgctctge tgaagccagt taccttcecgga aaaagagttg gtagcetcettg 2100
atccggcaaa caaaccaccg ctggtagegg tggttttttt gtttgcaage agcagattac 2160
gcgcagaaaa aaaggatctc aagaagatcc tttgatcttt tcectacggggt ctgacgctca 2220
gtggaactag atctagcatg gtcgtcacag agctggaagc ggcagcgaga attatccgeg 2280
atcgtggcge ggtgcccgca ggcatgacaa acatcgtaaa tgccgegttt cgtgtggecg 2340
tggcegecca ggacgtgtca gecgccgecac cacctgcace gaatcggcag cagegtegeg 2400
cgtcgaaaaa gcgcacaggce ggcaagaagce gataagcetge acgaatacct gaaaaatgtt 2460
gaacgccceeyg tgagcggtaa ctcacagggce gtceggctaac cceccagtceca aacctgggag 2520
aaagcgctca aaaatgactc tagcggattc acgagacatt gacacaccgg cctggaaatt 2580
ttccgetgat ctgttcgaca cccatceccga gctegegetg cgatcacgtg getggacgag 2640
cgaagaccge cgcgaattcce tcgctcacct gggcagagaa aatttccagyg gcagcaagac 2700
cegegactte gccagegett ggatcaaaga cecggacacyg ggagaaacac agccgaagtt 2760
ataccgagtt ggttcaaaat cgcttgcccg gtgccagtat gttgctctga cgcacgcgca 2820
gcacgcagece gtgettgtcee tggacattga tgtgccgage caccaggcecg gcgggaaaat 2880
cgagcacgta aaccccgagg tctacgegat tttggagege tgggcacgece tggaaaaagce 2940
gccagcecttgg atcggcgtga atccactgag cgggaaatgce cagctcatct ggctcattga 3000
tceggtgtat gecgcagcag gcatgagcag cccgaatatg cgcectgcectgg ctgcaacgac 3060
cgaggaaatg acccgcgttt teggcecgetga ccaggctttt tcacataggce tgagceceggtg 3120
gecactgcac gtctecgacg atcccaccge gtaccgetgg catgcccage acaatcgegt 3180
ggatcgccta gcetgatctta tggaggttge tcgcatgatc tcaggcacag aaaaacctaa 3240
aaaacgctat gagcaggagt tttctagegg acgggcacgt atcgaagegyg caagaaaagce 3300
cactgcggaa gcaaaagcac ttgccacget tgaagcaage ctgecgageyg ccgctgaage 3360
gtctggagag ctgatcgacg gcgtccgtgt cctctggact getccagggce gtgeccgeccyg 3420
tgatgagacg gcttttcgece acgctttgac tgtgggatac cagttaaaag cggctggtga 3480
gegectaaaa gacaccaaga tcatcgacge ctacgagegt gectacaccg tegetcagge 3540
ggtecggagea gacggccgtg agectgatct gecgecgatg cgtgaccgec agacgatgge 3600
gcgacgtgtyg cgcggctacg tcgctaaagg ccagccagte gtceccecctgetce gtcagacaga 3660
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gacgcagagce
ggccgcagaa
agctaagtcc
ttggtttatg
tgaatttage
tccacgagga
ccececegtag

tctetagggy

agccgaggge
cgctggaaag
agtcaacgac
actgttgagg
gtgtcacgte
cgcegtaaag
gggtctetet

ggctcacace

<210> SEQ ID NO 14
<211> LENGTH: 465

<212> TYPE:

DNA

gaaaagctcet

acccaaacag

aagctaggaa

gagagactgg

agaccgtgaa

cttecccagta

cttggectee

ataggcagat

ggccactatyg

tgagtacgecc

agctaaagga

ctegtggeceyg

tagagcactt

aatgtgccat

tttctaggte

aacggttcca

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Zeocin resistant gene

<400> SEQUENCE: 14

tagcttatce

gcagggcgaa

cgtcccggaa

gcacccacac

acagggtcac

acccgagecg

gaacggcact

ccgatatact

tcagtectge

ctececegeccee

gttegtggac

ccaggccagg

gtegtecegy

gtceggtecag

ggtcaacttyg

atgccgatga

<210> SEQ ID NO 15
<211> LENGTH: 28

<212> TYPE:

DNA

tcctetgeca

cacggetget

acgaccteeg

gtgttgtceyg

accacaccgg

aactcgaccyg

gccatgatgg

ttaattgtca

caaagtgcac
cgcecgatete
accactecgge
gcaccacctyg
cgaagtegte
ctceggegac
ccctectata

aaacagcgtyg

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 15

atgatatccg aagtgatctt ccgttega

<210> SEQ ID NO 16
<211> LENGTH: 28

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 16

atgatatcaa ggcagttatt ggtgecct

<210> SEQ ID NO 17
<211> LENGTH: 28

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 17

atgatatcta gcttatccte agtectge

ggaagacgtg

cgagcacage

aatcgcettga

acaatcaatg

aagtctgegyg

ctcgtaggea

gggctgattg

gatct

gcagttgeceg
ggtcatggce
gtacagctcg
gtcetggace
ctccacgaag
gtegegegeg
gtgagtcgta

gatgg

gcggtaaaaa
gagaaaaact
ccattgcagyg
aagctatgte
gcattgaact
gaaaacggtt

ctcttgaage

geegggtege
ggcecggagg
tccaggecge
gegetgatga
tccegggaga
gtgagcaccg

ttatactatg

3720

3780

3840

3900

3960

4020

4080

4125

60

120

180

240

300

360

420

465

28

28

28
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<210> SEQ ID NO 18

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 18

atgatatcce atccacgetg ttttgaca

<210> SEQ ID NO 19

<211> LENGTH: 551

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: PgapA

<400> SEQUENCE: 19

ccgaagatcet gaagattcct gatacaaatt ctgttgtgac ggaagatttyg ttggaagaaa
tctagtceget cgtctcataa aaacgaccga gectattggg attaccattg aagccagtgt
gagttgcatce acactggctt caaatctgag actttacttt gtggattcac gggggtgtag
tgcaattcat aattagcccce attcggggga gcagatcgeg gegegaacga tttcaggtte
gtteccctgea aaaactattt agcgcaagtg ttggaaatge cecccegtetgg ggtcaatgte
tatttttgaa tgtgtttgta tgattttgaa tccgctgcaa aatctttgtt tcceccgetaa
agttggggac aggttgacac ggagttgact cgacgaatta tccaatgtga gtaggtttgg
tgegtgagtt ggaaaatttc gccatactceg cecttgggtt ctgtcagetce aagaattcett
gagtgaccga tgctctgatt gacctaactg cttgacacat tgcatttcct acaatcttta
gaggagacac a

<210> SEQ ID NO 20

<211> LENGTH: 425

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: terminator sequence

<400> SEQUENCE: 20

ctgttttgge ggatgagaga agattttcag cctgatacag attaaatcag aacgcagaag
cggtctgata aaacagaatt tgcctggegg cagtagegeyg gtggtcccac ctgaccccat
geecgaactca gaagtgaaac gccgtagege cgatggtagt gtggggtcetce cecatgcegag
agtagggaac tgccaggcat caaataaaac gaaaggctca gtcgaaagac tgggecttte
gttttatctyg ttgtttgteg gtgaacgetce tectgagtag gacaaatccg cegggagegy
atttgaacgt tgcgaagcaa cggcccggag ggtggcggge aggacgcccyg ccataaactg

ccaggcatca aattaagcag aaggccatce tgacggatgg cetttttgeg tttctacaaa

ctett

<210> SEQ ID NO 21

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 21

ctctgtegac ccgaagatct gaagatteet g

28

60

120

180

240

300

360

420

480

540

551

60

120

180

240

300

360

420

425

31
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<210> SEQ ID NO 22

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 22

ctctgtegac ggatccccat ggtgtgtete ctctaaagat tgtagg
<210> SEQ ID NO 23

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 23

ctctgecatge ccatggetgt tttggeggat gagaga

<210> SEQ ID NO 24

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 24

ctctgcatge tcatgaaaga gtttgtagaa acgcaaaaag g

<210> SEQ ID NO 25

<211> LENGTH: 5118

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: pCRB207

<400> SEQUENCE: 25

agatctaggt ttcccgactg gaaageggge agtgagegca acgcaattaa
ctcactcatt aggcacccca ggetttacac tttatgette cggetcegtat
attgtgagcg gataacaatt tcacacagga aacagctatg accatgatta
cteggtacce ggggatccte tagagtegac ccgaagatcet gaagattcect
ctgttgtgac ggaagatttg ttggaagaaa tctagtcget cgtctcataa
gectattggg attaccattg aagccagtgt gagttgcate acactggett
actttacttt gtggattcac gggggtgtag tgcaattcat aattagcccce
gcagatcgeg gcgcgaacga tttcaggtte gttccctgea aaaactattt
ttggaaatge cccegtetgg ggtcaatgte tatttttgaa tgtgtttgta
tcegetgcaa aatctttgtt tecccgetaa agttggggac aggttgacac
cgacgaatta tccaatgtga gtaggtttgg tgegtgagtt ggaaaattte
cecttgggtt ctgtcagete aagaattett gagtgacega tgctctgatt
cttgacacat tgcatttect acaatcttta gaggagacac accatggetg
tgagagaaga ttttcagect gatacagatt aaatcagaac gcagaagcegg
cagaatttge ctggeggecag tagegeggtg gtceccacctg accccatgece

gtgaaacgce gtagegecga tggtagtgtg gggtcetecce atgegagagt

caggcatcaa ataaaacgaa aggctcagte gaaagactgg gectttegtt

tgtgagttag

gttgtgtgga

cgaattcgag

gatacaaatt

aaacgaccga

caaatctgag

attcggggga

agcgcaagtyg

tgattttgaa

ggagttgact

gccatacteg

gacctaactg

ttttggcgga

tctgataaaa

gaactcagaa

agggaactgce

ttatctgttg

46

36

41

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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tttgtcggtg aacgctctec tgagtaggac aaatccgecg ggagcggatt tgaacgttgce 1080
gaagcaacgyg cccggagggt ggcgggcagg acgcccgceca taaactgceca ggcatcaaat 1140
taagcagaag gccatcctga cggatggcect ttttgegttt ctacaaactce tttcatgggg 1200
atccgtegac ctgcaggcat gcaagcttgg cactggecegt cgttttacaa cgtcgtgact 1260
gggaaaaccc tggcgttacce caacttaatc geccttgcage acatcccect ttegeccaget 1320
ggcgtaatag cgaagaggcce cgcaccgatc geccttecca acagttgege agectgaatg 1380
gcgaatgcga tttattcaac aaagccgccg tcccgtcaag tcagcecgtaat gctectgecag 1440
tgttacaacc aattaaccaa ttctgattag aaaaactcat cgagcatcaa atgaaactgc 1500
aatttattca tatcaggatt atcaatacca tatttttgaa aaagccgttt ctgtaatgaa 1560
ggagaaaact caccgaggca gttccatagg atggcaagat cctggtatcg gtctgcgatt 1620
ccgactegte caacatcaat acaacctatt aatttccect cgtcaaaaat aaggttatca 1680
agtgagaaat caccatgagt gacgactgaa tccggtgaga atggcaaaag cttatgcatt 1740
tcttteccaga cttgttcaac aggccagcca ttacgctegt catcaaaatc actcgcatca 1800
accaaaccgt tattcattcg tgattgcgcce tgagcgagac gaaatacgcg atcgctgtta 1860
aaaggacaat tacaaacagg aatcgaatgc aaccggcgca ggaacactgce cagcgcatca 1920
acaatatttt cacctgaatc aggatattct tctaatacct ggaatgctgt tttccecegggg 1980
atcgcagtgg tgagtaacca tgcatcatca ggagtacgga taaaatgctt gatggtcgga 2040
agaggcataa attccgtcag ccagtttagt ctgaccatct catctgtaac atcattggca 2100
acgctacctt tgccatgttt cagaaacaac tctggcgcat cgggcttccce atacaatcga 2160
tagattgtcg cacctgattg cccgacatta tcgcgagecce atttataccce atataaatca 2220
gcatccatgt tggaatttaa tcgcggcttc gagcaagacg tttcecccegttg aatatggcetce 2280
ataacacccce ttgtattact gtttatgtaa gcagacagtt ttattgttca tgatgatata 2340
tttttatctt gtgcaatgta acatcagaga ttttgagaca caacgtggct ttgttgaata 2400
aatcgaactt ttgctgagtt gaaggatcag atcacgcatc ttcccgacaa cgcagaccgt 2460
tcegtggcaa agcaaaagtt caaaatcacc aactggtcecca cctacaacaa agctctcatce 2520
aaccgtgget ccectcacttt ctggcetggat gatggggcega ttcaggcctg gtatgagtca 2580
gcaacacctt cttcacgagg cagacctctc gacggagttc cactgagegt cagaccccegt 2640
agaaaagatc aaaggatctt cttgagatcc tttttttetg cgcgtaatct getgettgcea 2700
aacaaaaaaa ccaccgctac cagcggtggt ttgtttgecg gatcaagagce taccaactct 2760
ttttccgaag gtaactggcet tcagcagage gcagatacca aatactgttce ttctagtgta 2820
gccgtagtta ggccaccact tcaagaactc tgtagcaccg cctacatacc tcgectctget 2880
aatcctgtta ccagtggetg ctgccagtgg cgataagtceg tgtcttaccg ggttggactce 2940
aagacgatag ttaccggata aggcgcagceg gtecgggctga acggggggtt cgtgcacaca 3000
geecagettyg gagcgaacga cctacaccga actgagatac ctacagegtg agctatgaga 3060
aagcgecacg ctteccgaag ggagaaagge ggacaggtat ceggtaageyg gcagggtcegg 3120
aacaggagag cgcacgaggg agcttccagg gggaaacgcc tggtatcttt atagtcctgt 3180
cgggtttege cacctctgac ttgagegtceg atttttgtga tgctecgtcag gggggcggag 3240
cctatggaaa aacgccagca acgcggcectt tttacggttce ctggecctttt getggcecttt 3300
tgctcacatg ttctttcecetyg cgttatcccece tgattctgtg gataaccgta ttaccgectt 3360
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tgagtgagct gataccgctce gecgcagecg aacgaccgag cgcagcgagt cagtgagcga 3420
ggaagcggaa gaagctcgca cattcagcag cgtttttcag cgecgttttcg atcaacgttt 3480
caatgttggt atcaacacca ggtttaactt tgaacttatc ggcactgacg gttactgatt 3540
ttgaactttt gectttgccac ggaacggtct gcgttgtegg gaagatgcgt gatctgatcce 3600
ttcaactcag caaaagttcg ccaatacgca aaccgcctet cecccgegegt tggecgatte 3660
attaatgcag ctggcacgag atctgacttg gttacgatgg actttgaaca cgccgagggt 3720
gactaaaccg ctggatttac gcggttttcect tcectcttcaac ttectttgacg tagcggtgaa 3780
cegtgeccac cgagcaacca atctctgecg cgatagegeyg catggacaga cctttggege 3840
gcagctceetyg gacgcgagca cgcttcectegt tggcacgttt aatgaacact tcacgcggtt 3900
cggaagtcca tcgttgaget gttctcaccg acataccgge acgttcectgece agectcecgeggg 3960
ctgtttttce gttgcgtgga taacgtgcat aaaccttagce caatgttcct ccaaagagta 4020
tgtccagect cacgacgcac ctcagcgctt cgttgccage ctttetteece gegtgceggat 4080
tgcattgcgg tgaatgtggce gtcgtagacg gcggcgecegt ctgtccacat gegtgacttg 4140
gtgatgatcc atttatggat tgacctggca atacagtcaa cttcggccac aggtagtggt 4200
tcatcaaaca gctcttggtt aagtgcttge gcggtggttt ggattgcgeg gectaggecg 4260
tcagcgtecte caaaatgctt tectgacctcee cgatatgecce acgtacgtge getttcaaag 4320
agtgcgcaat tacgacctag accaactggc gagaaccgcce gcgttttcect ccaggacgca 4380
ggcggcataa agccggttte ttcgagccaa aagcgcagcet catcgagegt atacagcetta 4440
tcggtgatce agtgactatc ccatgcagtg tgctcggggt ttttggtgat cagcccggag 4500
tatccgcetat cgccatcgac agagcgccgt aggecttegg tgacagccgce ggcataggcece 4560
aaaggcttge gtttggcgta ttecggtgcgg gtaaatggct cecgcgagcgce ccagacagcg 4620
tgtgcgtgece cgtttaaggg gttttcaacce accgcgttag gtctccagte ctececctgtcece 4680
cacaaagagc gcaaaagcgc gtcctectgg tegatgtcaa cgaccaggag gttagagage 4740
gcgtegggat tggcttcgac gtagecgcetta tccagegegt tettceccecgtga ggtgcggtaa 4800
atgccctcac ggaggtcatc gettgcecaat ggecacageg gcagcecacag ctgctcaaag 4860
cgtcectcag ggcgggtagt tggtctcatg tagectgactt tcectcacacga gegtgcacgg 4920
tcggttttca ttcataatac gacatttaac caagtcagat gtttccccgg ttteccggggg 4980
ttccectgaa gaacccttee agtgcgagceg aagcgagcetce ctttggceccgg cgcccectcag 5040
gtagccctet aaggctccca gggctceccegece cctceectgag gttggctcaa gectectggt 5100
ggctecctacyg gacgttcet 5118
<210> SEQ ID NO 26
<211> LENGTH: 29
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 26
ctctcatatg ctgttttgge ggatgagag 29

<210> SEQ ID NO 27
<211> LENGTH: 33

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
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<400> SEQUENCE: 27

ctctcatatg gtgtctecte taaagattgt agg

<210> SEQ ID NO 28

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 28

ctctgatate ctgttttgge ggatgagaga

<210> SEQ ID NO 29

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 29

ctctgatate tctectctaa agattgtagg aaatg

<210> SEQ ID NO 30

<211> LENGTH: 1401

<212> TYPE: DNA

<213> ORGANISM: Corynebacterium glutamicum

<400> SEQUENCE: 30

atgaataggg gtgtgagttg gacagttgat atccctaaag aagttctccce
ccattgccag aaggcatgca gcagcagtte gaggacacca tttcecegtga
caacctacgt gggatecgtge acaggcagaa aacgtgcgca agatccttga
ccaatcgttyg ttgccectga ggtacttgag ctgaagcaga agettgcetga
ggtaaggcct tcctettgeca gggtggtgac tgtgeggaaa ctttegagte
ccgcacatte gegccaacgt aaagactcetg ctgcagatgg cagttgtttt
gecatccacte ccgtgatcaa gatggetegt attgetggte agtacgcaaa
tctgatttgg atggaaatgg tctgecaaac tacegtggeg atatcgtcaa
gecaaccectyg aggctegteg ccacgatcct geccgcatga teegtgetta
tctgectgega tgaacttggt gegegegete accagetcetg gcaccgcetga
ctcagegagt ggaaccgega gttegttgeg aactccccag ctggtgcacg
cttgctegtyg agatcgacte cggtetgege ttcatggaag catgtggegt
tceetgegeg ctgcagatat ttactgetece cacgaggcac ttcetegtgga
tccatgetge gtettgeaac cgatgaggaa ggcaacgagg aactttacga
caccagctgt ggatcggega gegcaccege ggtatggatg atttccatgt
tccatgatct ctaacccaat cggcatcaag attggtectg gtatcacccce
gttgcatacg ctgacaagct cgatccgaac ttegagectg geegtttgac
cgcatgggece acgacaaggt tcgcetceegta cttectggtg ttatccagge
tceggacaca aggttatttg geagteegat cegatgcacg gcaatacctt

aatggctaca agaccegtca cttegacaag gttatcgatg aggtccaggg

gtccaccgeg cattgggcac ccacccagge ggaatccaca ttgagttcac

tgatttgceca

cgctaagcag

gteggttect

tgttgctaac

aaacaccgag

gacctacggt

gectegetet

cggtgtggag

cgctaacget

tctttacegt

ctacgagget

gtcegatgag

ttacgagcge

tcttteaget

gaacttcgca

tgaagaggct

catcgttget

tgttgaggca

caccgcatce

cttettegag

tggtgaagat

33

30

35

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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gtcaccgagt gecteggtgg cgctgaagac atcaccgatg ttgatctgec aggecgetac

gagtccgeat gcgatccteg cctgaacact cagcagtcett tggagttgge tttectegtt

gcagaaatgce tgcgtaatta a

<210> SEQ ID NO 31
<211> LENGTH: 306
<212> TYPE: DNA

<213> ORGANISM: Corynebacterium glutamicum

<400> SEQUENCE: 31

atgactaatyg caggtgacaa cttcgagatce aggatgectt
tcegatgegyg agatccaaaa gtatcgegag gagatcaacce
gatgcggtga aacgtcgcac gaagatttcc caaaccatcg
ggcggaacac gtctegtgca cacccgagaa gtagcaatca

atcggcegagyg aaggccctge cctegetgga attttgetge

ggataa

<210> SEQ ID NO 32

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 32

ctctcatatg aataggggtyg tgagttgg

<210> SEQ ID NO 33

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 33

ctctcatatg ttaattacge agecatttetg caacg

<210> SEQ ID NO 34

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 34

ctctcatatg actaatgcag gtgacaactt ¢

<210> SEQ ID NO 35

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 35
ctctcatatg ttatcecgage ttteegeg
<210> SEQ ID NO 36
<211> LENGTH: 1371

<212> TYPE: DNA
<213> ORGANISM: Pantoea agglomerans

ctggcacgga

gettggaceg

gaaaaacacg

tcaaccagtt

gcatgggacg

tgacccattyg

cgaaatccte

catgagcteg

ccgtgaagag

cggaaagcetce

1320

1380

1401

60

120

180

240

300

306

28

35

31

28
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<400> SEQUENCE: 36
atgaactatc ctgccgagcce tttccgeatt aaaagtgttyg aaaccgtatc aatgatctca 60
cgegatgage gtgttaaaaa aatgcaagaa gegggctata acacgttttt actgaattca 120
aaggatatct acatcgatct gctgacagac agecggtacaa atgccatgag tgacaagcag 180
tgggcaggga tgatgattgg tgatgaagcc tacgcaggca gtgaaaactt ctaccatcte 240
gaaaaaacygyg tgaaagagtt gtttggtttc aaacacatcg ttccaaccca ccagggacge 300
ggggcggaaa acctgctcte gcagetggcece attaageccyg gtcaatatgt cgcaggaaat 360
atgtacttta caacaacccg cttccatcag gaaaaaaatyg gcgcaacctt tgtggatatt 420
gteecgegatyg aagcacatga cgccagectg aatcteccct ttaaaggtaa tattgacctg 480
aataaattag cgacgctcat taaagaaaaa ggcgccgaga acatcgcecta tatctgectt 540
geggtcaceyg tgaatctgge gggtgggcag cctgtttcaa tggcgaatat gegtgccgta 600
catgaaatgg ccagcacgta tggcattaag atctattacg atgctacccyg ttgcgttgaa 660
aatgcctatt ttatcaaaga gcaggaggcg ggctacgaga acgtcagtat caaagatatce 720
gtgcatgaaa tgttcagcta tgccgatggg tgcaccatga geggtaaaaa agattgtcetg 780
gtgaatatcg geggettett gtgtatgaac gatgaggaga tgttctcagce ggcaaaagag 840
ttggttgteg tttatgaagg tatgcegtca tacggceggge tggccggteyg ggatatggaa 900
gcaatggcta ttgggctacyg tgaagccatg cagtatgaat atattgaaca tcgggtcaaa 960
caggtgcgcet atctgggcga taaactccgt gaagccggeg tacccattgt tgaaccgacg 1020
ggcggacatg cggtatttct tgatgctegt cgtttectgte cacacctgac gcaggatcag 1080
ttcecctgege agagectgge agccagcatce tatatggaaa ccggcgtgceg aagtatggaa 1140
cgtggaattg tttcecgcecegg tegtagcaag gaaacggggg agaaccatag ccccaaactg 1200
gagacggtac gtctcactat tccacgccgt gtttacactt acgcgcacat ggatgttatt 1260
gccgatggca tcattaaact gtaccagcat aaagaagata ttcecgtggtct gacgtttgtt 1320
tacgaaccta aacaacttcg cttctttact gcgegttttg actttattta a 1371
<210> SEQ ID NO 37
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 37
ctctcatatg aactatcctg ccgagce 26
<210> SEQ ID NO 38
<211> LENGTH: 38
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 38
ctctecatatg ttaaataaag tcaaaacgcg cagtaaag 38

<210> SEQ ID NO 39

<211> LENGTH: 1371

<212> TYPE: DNA

<213> ORGANISM: Citrobacter braakii
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<400> SEQUENCE: 39
atgaattatc cggcagaacc cttccgtatt aaaagcgttyg aaactgtatc tatgatcccg 60
cgtgatgaac gccttaagaa aatgcaggaa gcgggataca atactttect gttaaattceg 120
aaagatattt atattgacct gctgacagac agtggcacca acgcaatgag tgacaagcag 180
tgggccggca tgatgatggg tgatgaagece tacgcegggca gcgaaaactt ctatcatctg 240
gaaagaaccyg tgcaggaact gttceggettt aaacatattg ttectactca ccaggggege 300
ggcgcagaaa acctgttatce gcagetggca attaaaccgg ggcaatatgt tgccgggaat 360
atgtatttca ctaccacccg ttatcaccag gaaaaaaatyg gtgcggtgtt tgtcgatate 420
gttegtgatyg aagcgcacga tgccggtetg aatattgett ttaaaggtga tatcgatcett 480
aaaaaattac aaaagctgat tgatgaaaaa ggcgccgaga atattgccta tatttgectg 540
gcagtcacgyg ttaacctcge aggegggcag ccggtcetceca tggctaacat gegegeggtyg 600
cgtgaactga ctgcagcaca tggcattaaa gtgttctacyg acgctaccceyg ctgcgtagaa 660
aacgcctact ttatcaaaga gcaagagcag ggctttgaga acaagagcat cgcagagatce 720
gtgcatgaga tgttcagcta cgccgacggt tgtaccatga gtggtaaaaa agactgtcetg 780
gtgaatatcg geggettect gtgcatgaac gatgacgaaa tgttctcette tgccaaagag 840
ttagtcegttyg tttacgaagg tatgccatct tacggcggece tggccggacyg cgacatggaa 900
gecatggega ttggtetgeg cgaagcecatg cagtatgagt acatcgagca ccegegtgaag 960
caggttecget atctgggcga caagctgaaa gccgctggtg taccgattgt tgaaccggtg 1020
ggcggtcatyg cggtattcct cgatgcgegt cgcttetgtg agcatctgac gcaggacgag 1080
ttcceggege aaagectgge tgccagtatce tatgtggaaa ccggcgtacg tagtatggag 1140
cgcggaatta tctctgcggg ccgtaataac gtgaccggtg aacaccacag gcecgaaactg 1200
gaaaccgtge gtctgactat tccacgcecge gtttatactt acgcgcatat ggatgtggtg 1260
gctgacggta ttattaaact ttaccagcac aaagaagata ttcgcgggcet gaagtttatt 1320
tacgagccga agcagctceg tttcectttact gcacgctttg actatatcta a 1371
<210> SEQ ID NO 40
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 40
ctcttcatga attatccggce agaaccce 27
<210> SEQ ID NO 41
<211> LENGTH: 33
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 41
ctcttcatga ttagatatag tcaaagcgtg cag 33

<210> SEQ ID NO 42
<211> LENGTH: 1374

<212> TYPE:

DNA

<213> ORGANISM: Desulfitobacterium hafniense

<400> SEQUENCE: 42
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atgaaaacct atcctgcaga accttttaga attaaagteg tggaaccegt tcggtcgatg 60
aagcgggcag aacgtgaagc ggccatgaaa gaagcaggcet acaacacttt tttgctgaag 120
agtgaggatg tctatattga tctgctcaca gattccggea ctactgccat gagcgataaa 180
caatgggceg gtatgatgat cggtgatgaa gectatgecyg ggagcaggaa tttectgcac 240
ctggatcggg tggttaaaga atattatgge ttcaagcaca tggtccctac tcatcaagga 300
cggggggegyg aaaacctygct ctcccggetg atgattaaac ceggggatta tgtgeccgge 360
aatatgtatt ttaccaccac aagataccat caggaagcca acggagctac cttcagagat 420
attatcattg atgaagccca tgactcagec aaccggcate ctttcaaagg aaatatcgat 480
ctcaggaaac tccagacctt aatcgatgaa gtaggcgegyg agaagattcce ttacatctge 540
cttgecgtta ctgtcaatct ggccggagga cageccegttt ctetggaaaa catgaaggceg 600
gtecatgage ttgcccacaa acacggcatc aaggtgtttt ttgacgctac cegetgtgtg 660
gagaacgctt acttcatcaa gaagcgggaa gcagactacc aggacaagac catcaaagaa 720
attctettgg agatgatgag ctatgccgac ggagccacca tgtcgggtaa aaaagattgt 780
atggtcaata tcggeggttt tctggecatg aatgatgatg aattgttect cagggttaaa 840
gaactggtygyg tggtctttga aggaatgcct tcecttacggeg geatggecgg cegggacatg 900
gaagccatgyg ccatcgggat tacggaatcg gtggattatg cttatattga acaccgtgtg 960
gagcaggtgg cctatcttge cgatcagett ttagcggcgg gggttceccat tgtggaaccy 1020
gtgggcggec atgeccgtcett ccttgatgec agacggtttt tgccccacct tgagcaggac 1080
cacttcecgg cacaggctcet ggccgceccaa ttatatatag aatccggggt acgctctatg 1140
gaaagaggaa tcatctccge cggacgtgat cttaaaacag gggaaaaccg ccatcctaaa 1200
ctggagcectgg taaggctgac gattccccge cgggtttata cttacgctca tatggacatce 1260
gtggccagag cggttattga gctttaccag caaagggaga ccatcaaagg gcttaaattt 1320
gtttacgaac cggaaatgct tcgtttcttc accgccagat ttgaacacat ttga 1374
<210> SEQ ID NO 43
<211> LENGTH: 33
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 43
ctctgatatc atgaaaacct atcctgcaga acce 33
<210> SEQ ID NO 44
<211> LENGTH: 33
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 44
ctctgatatc tcaaatgtgt tcaaatctgg cgg 33

<210> SEQ ID NO 45
<211> LENGTH: 1419

<212> TYPE:

DNA

<213> ORGANISM: Chloroflexus aurantiacus

<400> SEQUENCE: 45
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atgcaggaac aagactaccc ccgtacaatg gggcaacaat teggtceggeyg gtcegtgggece 60
gagccgtgga agatcaagat ggttgagccg ctgcgegtga ccagcecggge cgaacgcgag 120
geggegetga aggetgccgg ttacaacacg tttetgetge gttctgaaga tgtctatatce 180
gatctgcetta ccgatagtgg taccaatgcce atgagcgacce ggcaatgggce agcecctgatg 240
atgggcgacg aggcatacgc cgggagecge agtttttate gectggaage aactgtccaa 300
caggtgtatg gctaccgcca cattattccee acccatcagg ggeggggege cgagcatctg 360
atcagtcagg tcgctatcceg ccgtgggeag tatgttcceg gcaatatgta tttcacaace 420
acccgectge accaggagct ggccggtgge atetttgttyg atgtgattat tgacgaageg 480
cacgatccee aaagccagta tccgtttaaa ggcaacgteg atctcgacaa actacaggceg 540
ctgattgata aggttggccce gcaacagatt gectatatca gtetggceegyg taccgtcaac 600
atggctggtyg ggcagecggt cagtatgget aacgtcegtyg ccttacgege attatgtgat 660
cggtacgggt tgcgcatcett tctcegattcee acacgcettgyg ttgagaatge ctttttcate 720
aaagaacgtg aacccggcta tgccgaacaa agaatcgecyg cgattgtecg cgagttttge 780
agttacaccg atggegcatg gatgagegca aagaaggacyg cgctggtgaa catcggtgge 840
tggttagcege tcaacgatga tcaactcgec gatgaagecce gcaatctggt ggtggtgtac 900
gaagggttge acacctacgg cggcatggcce gggegtgata tggaggeget ggeggtceggyg 960
attgaggagt cgctgcaaga ggattacatc cgtgcccgca tcggtcaggt gegctaccte 1020
ggcgaactge tcecctcecgactg ggacatcccecce atcgtagtte cgattggegg tcacgcgatce 1080
tttctggatg cacgccggtt ctatccgcac ctgccgcaag acctcecttceece tgcccagacce 1140
ctggccegecg agttgtacct cgattcaggg gtgcgggcta tggaacgcgg tattgccagce 1200
geeggacgeyg atcccaagac cgggcagaac tactatccca aactggaatt aacccggetg 1260
accatceccge gecgtgttta tactcaggcce cacatggatg ttgtggccga gtcggtgaag 1320
gcagtgtacg atcaacgtca tcaggcccgt ggcctgcgga tggtctacga accacggtac 1380
ctececgettet teccaggcceg gtttgaaccg gtggaatga 1419
<210> SEQ ID NO 46
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 46
ctctcatatg caggaacaag actaccc 27
<210> SEQ ID NO 47
<211> LENGTH: 30
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 47
ctctcatatg tcattccacc ggttcaaacc 30

<210> SEQ ID NO 48
<211> LENGTH: 1404

<212> TYPE:

DNA

<213> ORGANISM: Nostoc punctiforme

<400> SEQUENCE: 48
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atgaccgatyg ccaagcaaac ttcteegege cgecgteget

attaaggtgg ttgagccatt aaaaattact actcgegetg

caagcgggtt acaatacttt tctactacgt tctgaagatg

gatagcggca cttcagccat gagcgattat cagtgggcag

gettatgecyg gcagcaaaaa tttttacaat ttagaagcaa

tatcgccata ttgtacctac tcaccaaggg cgtggtgcag

ctgatcaaac caggagacta catacctgge aatatgtatt

caggagttag ctggcggcac ttttgtecgat gtgattattg

tcactgcate catttaaggg taatgtagac ttacaaaagce

gttggggcag aacgtattcc ctatattage gttgccggaa

cagccgattt ctatggctaa cctgegggeg gtacatcagt

cgcattatte ttgatgecac cecgegetgtg gaaaacgete

gaggattatt ccagccaagc gatcgctacc atcttacgeg

ggttgcacca tgagcggtaa gaaggatgca ctggttaaca

aatgactata atctttacga agaagcacgt aacttaatag

acttacggtyg gtatggetgg cegggacatg gaagetatgg

gttcaagacg atcatattcg tgcccgtgte ggtcaggttg

ttagattggg gtattccaat tgttgtgecg attggeggte

aaacgctttt taccacaaat tccccaagac caattteegg

ctgtatctag aggcaggcat tcgggcaatyg gaacggggea

aaagaaacag gcgataatta ttatccagag ttagaattag

cgtgtttaca ctcaggctca catggatetg actgetgaag

aatcgcgate gectacgegg actcaaaatg atttatgage

caagcaagat ttgaattgca gtaa

<210> SEQ ID NO 49

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 49

ctctcatatg accgatgeca agcaaac

<210> SEQ ID NO 50

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 50
ctctcatatg ttactgcaat tcaaatcttg cttgaaag
<210> SEQ ID NO 51
<211> LENGTH: 1380

<212> TYPE: DNA
<213> ORGANISM: Treponema denticola

-continued

cttgggcaga gccatataaa 60
aacgcgaaca ggcgatcgca 120
tctatattga tttgctcact 180
ggatgatgct gggtgatgaa 240
gtatccaaaa gtattacggc 300
aaaatattct ttctcaaata 360
tcaccacaac caggttgcat 420
atgaagccca cgatgcccaa 480
ttacagacct aattgagcga 540
ccgtgaatat ggctggcgga 600
tagcccaaac ctacggtatce 660
actttatcca acagcgagag 720
aattttgctc ctataccgac 780
tcggeggttyg getggetcett 840
taatttatga aggtctacat 900
cacgaggtat agaagaatca 960
agtatcttgg acaaaagctt 1020
atgccattta tttagatgcce 1080
cacaacgtct agcagcagaa 1140
tcgtttecge agggcgcaat 1200
tcegtttaac tattccacge 1260
cagttgaaga agtttatcat 1320
cgaagtatct ccgtttcttt 1380
1404

27

38
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<400> SEQUENCE: 51
atggatatta aaaattatcc tgcggaacct tttagaatta aggttgtaga aactgttaag 60
atgatcgata aggatcaaag agcaaaggtt gccaaagaag ccggttataa taccttecctt 120
attaattcgg aagatgttta tatcgacctt cttaccgact ccggaacaaa cgccatgage 180
gataaacaat gggccggaat gatgatagga gatgaagcct atgccggaag ccgcaacttt 240
catcacttgg aagaaacggt tcaagagatt ttecggcttta agcatcttgt gccgacccat 300
caaggccgeg gtgccgaaaa ccttetttca aggatageca ttaaaccegyg tcaatatgta 360
cceggcaaca tgtattttac cactaccaga taccatcagg aagcaaacgyg cggtatctte 420
gtggatatca taaacgatga tgctcatgat gcaggcaaaa atgttccttt taaaggcgac 480
atcgacttga acaagcttga aaagcttata aaagaaaagyg gagccgaaaa tatagectat 540
gtatgtttgyg ctgttacggt aaaccttgca ggcggtcage cegtttctat gaagaacatg 600
aaggccgtee gtgagettac aaaaaagcac ggcatcaagyg tattctacga tgcaacccge 660
tgtgtagaaa acgcctactt tatcaaagaa caagaagccyg gttatgccga caagtctate 720
aaagaaatcg taagagaaat gttcagctat gcagacggat gtaccatgag cggtaaaaaa 780
gactgtatcg taaacatcgg aggcttecte tgtatgaacyg atgaagatct tttccaaget 840
gcaaaagaat tcgttgttgt atttgaaggt atgccttcat acggcggtat ggcaggacgce 900
gatatggaag ctatggctat cggtctaaaa gaagctctcc agtttgaata catcgaacac 960
cgaatcaagc aggtccgcta tttaggcgac aagctcttgg aagccggagt tcectattatt 1020
gagcccgtag gaggacatgce agtatttcectt gatgcaagac gcecttctgtcece tcatcttaag 1080
caaaccgaat ttccecgcaca ggccctagce gcagagettt atatcgaatce gggagttaga 1140
agtatggaac gcggtatcgt ttctgcagga cgcgatccca aaacaaggga aaaccacgta 1200
ccaaagcttg aaacagtccg cttaacaatt ccgcgcegtg tttatacata taaacacatg 1260
gacattgtag cagatgccgt tattaaattg tacaaacaca aggaagttat aaaaggatta 1320
aagttcgttt acgaacctaa acaactccgce ttcectttacgg cacgctttga gcatatctaa 1380
<210> SEQ ID NO 52
<211> LENGTH: 35
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 52
ctctcatatg gatattaaaa attatcctge ggaac 35
<210> SEQ ID NO 53
<211> LENGTH: 32
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
<400> SEQUENCE: 53
ctctcatatg ttagatatgc tcaaagcgtg cc 32

<210> SEQ ID NO 54
<211> LENGTH: 30

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: PCR primer
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<400> SEQUENCE: 54

ctctectgcag tgaagtgegt gtaaacgcac 30

<210> SEQ ID NO 55

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 55

gettagetag ttggtceggtt gcaatgattt gcacgttgga g 41

<210> SEQ ID NO 56

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 56

aaccgaccaa ctagctaagce 20

<210> SEQ ID NO 57

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 57

ctcttctaga aattactcecct gccatggcag 30

<210> SEQ ID NO 58

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 58

ctcttctaga tacgtcctaa acacccgac 29

<210> SEQ ID NO 59

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 59

gaccaaccat tgctgacttg cgtatccata gtcaggette 40
<210> SEQ ID NO 60

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 60

caagtcagca atggttggtce 20

<210> SEQ ID NO 61
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<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: PCR primer

SEQUENCE: 61

ctcttetaga tgatcagtac caagggtgag

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 62

LENGTH: 1443

TYPE: DNA

ORGANISM: Corynebacterium efficiens

SEQUENCE: 62

gtgcagcaca ctccttttca tgtaaaaggt ctcaggegtg ctatgaatag gggtgtgagt

tggacagttg atatccccaa ggaagttete ceggatetge cgecccetgee cgagggcatg

aacgagcagt tccaggacac catcgecegt gacgecaage agcageccac ctgggaccegt

geccaggecyg acaacgtgeg cegtatccte gaatcggtte ctecgategt ggtggeccct

gaggtcatcg agctgaagaa gaagctcgca gatgtggeca acggcaagge attcctgetce

cagggtggtyg actgegecga gaccttegag tccaataceg agccccatat ccgggcecaat

atcaagactc tcctecagat ggecegtggtg ctecacctatg gtgectccac acccegtcate

aagatggcce gtatcgeegg ccagtacgece aagccacggt cegecgatct ggatgccaac

ggtctgccaa actaccgegg tgacatcgte aacggtgtgg aagccacacce ggaggcacgc

cggcatgace ccgegegeat gatccgegee tacgecaact cetecgeege catgaacctg

gtgegtgece tgaccagete cgggaccgee aacctctace gectcagtga ctggaaccge

gagttegteg ccaactccee cgeeggtgeyg cgctatgagg cgetegeccyg agagatcgac

tceggtetge gettecatgga ggectgtgge gtgtecgatg aatccetgeg caccgeggag

atctactget cccacgagge tctectegtg gattatgage getccatget gegectgggt

gaggatgaaa acggtgagca ggccctctat gatctcectetg cacaccaget gtggateggt

gagcgcacce gtggcatgga tgatttccac gtcaattteg ccgecatgat cgecaacceg

gtgggcatca agatcggcce gggcatcaca cccgaggaag ccgtggecta tgecgataaa

ctggacccca acttcgaace gggtegecte accatggttg cecgecatggg tcatgacaag

gtcegttecyg tgcteccegg tgtcatccag getgtggagg cttecggtca caaggtecatc

tggcagtceg accccatgea cggcaacace ttcaccgect ccaatggtta caagacccegt

cacttcgaca aggtcatcga tgaggtgcag ggattctteg aggtccacceg cgcactggge

acccaccegg gtggtatcca cattgaatte accggtgagg atgtcaccga atgecttgge

ggtgcagagg acatcaccga cgtggatctyg ccgggecegtt atgagtcege ctgegaccec

cgtcetgaaca cccagecagte ccttgaactg tecttecteg tggeggagat getgegtaat

tag

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 63

LENGTH: 1395

TYPE: DNA

ORGANISM: Mycobacterium smegmatis

SEQUENCE: 63

gtgaactgga ccgtcgacat ccccatcgac cagctaccge ctttgecgec getgtecgac

gagcttegge aacggctgga tteggcactyg gccaagccegg ctgtccagea geccagetgg

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1443

60

120
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gaccccgatyg cecgecaagge catgegcacg gtectggaga gegtgecgec ggtcaccegtg 180
cegteggaga tcgagaagcet caagggtetg ctegecgacyg tegegcaggyg caaggegtte 240
ctgctgcagg geggtgactg cgccgagacce ttegtcgaca acaccgaacce gcacatccge 300
gccaacatcee gcacgetget gcagatggeg gtggtgetga cctacggege gagcatgecg 360
gtggtgaagyg ttgcccgcat cgcegggcag tacgccaage cgeggtectce cgacgtcgac 420
gegetgggge tcaagtccta ccgeggcgac atgatcaacyg gtttegecce cgatgccgeg 480
geeegegaac atgatccegte gegtetggtg cgcegegtacyg ccaacgcegag cgeggcgatg 540
aacctgatge gtgcgetgac ctegtegggg ctggegtege tgcatctggt gcacgagtgg 600
aaccgcgaat tcgtecgcac gtegecegece ggagegegtt acgaggceget ggccggtgag 660
atcgaccgeg gectgaactt catgteggece tgeggtgteg ccgaccgcaa cctgcagace 720
geegagatcet tegegagceca cgaggecctg gtgctegact acgagegege gatgetgege 780
ctgtecaace cggcecgagac cgacggtgeg gecaagetgt acgaccagtce ggcgcactac 840
ctgtggateg gtgagegcac acggcaactce gacggcegege acgtegegtt cgccgaggtg 900
atcgeccaace cgatcggegt caagcteggt cegaccacca cgecggaact cgccgtegag 960
tacgtcgage gecttgacce gaacaacgaa ccgggcecgge tgacgctegt gacccegeatg 1020
ggcaacaaca aggtgcgcga cctgetgecg ccgatcatceg agaaggtgca ggcecaccgga 1080
catcaggtga tctggcagtg cgacccgatg cacggcaaca cccatgagte gtccacgggg 1140
tacaagacca ggcacttcga ccgcatcgte gacgaggtgce agggcttttt cgaggtgcac 1200
cacgegetgg gcacgcatce cggcggeatce cacgtcgaga tcaccggega aaacgtcace 1260
gaatgtcteg gtggggcaca ggacatttcg gattccgace tggccggecg ctacgagacce 1320
gcgtgcgate cgcgectcaa cacccagcag agcctggaac tcegegttett ggtegcecggag 1380
atgctcegeg attag 1395
<210> SEQ ID NO 64
<211> LENGTH: 1386
<212> TYPE: DNA
<213> ORGANISM: Rhodococcus opacus
<400> SEQUENCE: 64
gtgaactgga ctgtcgacgt gccgatcgac cgettgecceg aactcccgec getgeccace 60
gagatgegtyg agcgectcega cgcagegetg gecaageccg ctgcccagca gecgcaatgg 120
ccegaaggte aggecgecge gatgcggacce gtectcegaga gegtgeccee catcacggtyg 180
gecagcegagyg tegtggccct gcaggagaag ctegeccagg tegegegegg cgaggegtte 240
ctectecagg geggtgactyg cgccgagacg ttegeggaca acaccgagece gcacatcaag 300
ggcaacatce gcaccctgcet gcagatggcece gtegtectga cgtacggege gagectgecce 360
gtegtcaagyg tegegegcat cgceggtcag tacgcgaage cgeggtegtce caacgtcgac 420
geectgggee tgcagtcecta ccgeggcgac atgatcaact cectegtege ggacgaggec 480
gtgegegeee acgacccegte geggetegtg cgggegtacyg cgaacgcecag cgecgcgatg 540
aacctggtcee gegcactcac cggcgeggge atggecgace tgcacaaggt gcacgactgg 600
aaccgcgaat tcgtgtegte gtegeeggece ggggeccggt acgaggceget cgcecgeggag 660
atcgaccgeg ggctgcagtt catgaacgece tgeggtgtea cegatcccag cctgecatcac 720
geecagatet tegecagceca cgaggegete gtectegact acgagegege gatgetgege 780
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ctecgacaacg acgacgacca cgccaagetg tacgacctgt cegeccactt cctgtggate 840
ggcgaccgea ccegtcaget cgacggageg cacatcgegt tegccgaact cgtgtcgaac 900
ccgateggee tgaagatcgg accgagcacce accccggaga tggeggtcega atacgtcgaa 960
cgectegace ccaccaacaa geccgggecgg ctcacgetga tetegegeat gggcaacaac 1020
aaggtgcgeg acctgetgcece geccatcate gagaaggtge aggccaccegyg tcaccaggtg 1080
atctggcagt gcgacccgat gcacggcaac acgcacgagyg cgtccaccgyg ctacaagacce 1140
cgccactteg accgcategt cgacgaggtce cagggattcect tcgaggtcca caatggtctce 1200
ggcacctace cgggcggcat ccacgtcgaa ctcaccggtyg agaacgtcac cgaatgecte 1260
ggeggegege aggacatcte cgacctcgac ctgtceggte getacgagac ggegtgcgac 1320
ccecgectca acacccagca gtegcectggaa ctggegttece tegtecgegga gatgcetgege 1380
ggetga 1386
<210> SEQ ID NO 65
<211> LENGTH: 303
<212> TYPE: DNA
<213> ORGANISM: Corynebacterium efficiens
<400> SEQUENCE: 65
atgactaatg cggatgagaa cttcgaaatc agaatgcegt caggcaccga cgacccacte 60
tctgatgegyg agatccagaa gtatcgtgag gaaatcgacce gectcaaccyg ggagatccte 120
gatgcggtga aacgtcgcac caagattgcg caggctatcg gcaagacccg catggaatcce 180
ggtggcacce gtectggtgca cacgegtgag gtggccatca tcaaccagtt cegtgatgag 240
atcggtgagg agggceccgge cctggetgeg atectectge gtatgggteyg gggcaagetg 300
tag 303
<210> SEQ ID NO 66
<211> LENGTH: 267
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium smegmatis
<400> SEQUENCE: 66
atgcctgaga ccatcgatge cgtgcctgag atcgatgace tgegtcegtga gatcgacgaa 60
ctecgacgeca ccatcatcege cgccatcecag cggegcacceyg aagtgtcgaa gaccatcggt 120
aaagcacgca tggcatcggg cggtaccege ctggtccaca gecgtgagat gaaggtcate 180
gagcgctaca tcgacgceget cggeccggag ggcaaggacce tegcgatget gttgetgege 240
cteggecgeg gecgectegg gtactag 267
<210> SEQ ID NO 67
<211> LENGTH: 297
<212> TYPE: DNA
<213> ORGANISM: Rhodococcus opacus
<400> SEQUENCE: 67
atgagcactc agaccgtcge ttcagecgec aaggaaaccyg ctgtgcccac cagcgaggece 60
gagatcgagyg ttcteccgceca ggagatcgac aagctcgacyg ccgagattet cgecgcgatce 120
aagcgecgeg ccgaggtete gecagctcate gggegcaccee ggatggegte cggeggtcece 180
cgectegtece acagecgtga gatgaaggtg ctegageggt tcaacgaget gggcecaggaa 240
ggccacacge tcegecatget getgetgegt ctegggegeg gecgectegg tcactga 297
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The invention claimed is:

1. A phenol-producing transformant constructed by trans-
ferring a gene which encodes an enzyme having tyrosine
phenol-lyase activity into a Corynebacterium as a host,

wherein the gene which encodes an enzyme having
tyrosine phenol-lyase activity is a DNA consisting of the
nucleotide sequence of SEQIDNO: 36, SEQID NO: 39,
SEQ ID NO: 42, SEQ ID NO: 45, SEQ ID NO: 48 or
SEQ ID NO: 51,

a gene which encodes an enzyme having DAHP (3-deoxy-
D-arabino-heptulosonate 7-phosphate) synthase activ-
ity aroG of the Cormybacterium and a gene which
encodes an enzyme having chorismate mutase activity
of'the Cornyebacterium as the host are highly expressed,
and

a gene which encodes an enzyme having prephenate dehy-
dratase activity on the chromosome of the Cornyebac-
terium as the host is disrupted or deleted.

2. The transformant of claim 1, wherein a gene which
encodes an enzyme having phenol 2-monooxygenase activity
on the chromosome of the Cornyebacterium as the host has a
disruption or deletion.

3. The transformant of claim 1, wherein the Cornyebacte-
rium as the host is Corynebacterium glutamicum,

the gene which encodes the enzyme having DAHP
(3-deoxy-D-arabino-heptulosonate 7-phosphate) syn-

10
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thase activity aroG of the Corynebacterium glutamicum
and the gene which encodes the enzyme having choris-
mate mutase activity of Corynebacterium glutamicum R
(FERM BP-18976), ATCC13032, or ATCC13869 as the
host are highly expressed, and

the gene which encodes the enzyme having prephenate

dehydratase activity on the chromosome of Corynebac-
terium glutamicum R (FERM BP-18976), ATCC13032,
or ATCC13869 as the host Corynebacterium
glutamicum is disrupted or deleted.

4. A Corynebacterium glutamicum transformant PHE7
(Accession Number: NITE BP-976).

5. A process for producing phenol, which comprises a step
of reacting the transformant of claim 1 in a reaction mixture
containing a saccharide under reducing conditions, and a step
of collecting phenol from the reaction mixture.

6. The process of claim 5, wherein the transformant does
not substantially proliferate in the reaction step.

7. The process of claim 5, wherein the oxidation-reduction
potential of the reaction mixture under reducing conditions is
-200 mV to -500 mV.

8. The process of claim 5, wherein the saccharide is
selected from a group consisting of glucose, fructose, man-
nose, xylose, arabinose, galactose, sucrose, maltose, lactose,
cellobiose, trehalose, and mannitol.

#* #* #* #* #*
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